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A Numerical Flow Model of the Missoula Aquifer:
Interpretation of Aquifer Properties and River Interaction 
(301 pp.)
Director Dr. William Woessner (aJ(A^\aJ
The Missoula Aquifer provides 100 percent of the water supply for the 
Missoula Valley and has thus been designated a Sole Source Aquifer by the 
Environmental Protective Agency (EPA). The puipose of this study was to quantify 
the properties, hydraulics, and sources of recharge and areas of discharge of the 
aquifer to allow formulation, construction and calibration of a two-dimensional 
steady-state and transient ground water flow model.
Water level data for 106 wells were combined into one data base. Monthly 
potentiometric surface maps constructed for a one-year period (February, 1986 to 
January, 1987) showed that ground water generally flows from east to west, and that 
the Clark Fork River leaks water to the aquifer in the eastern portion of the valley and 
gains water from the aquifer in the west. Five aquifer tests were conducted on high- 
capacity supply wells using nearby observation wells and precise water level 
measuring techniques. The aquifer tests were analyzed using standard curve- 
matching techniques. Resulting hydraulic conductivities ranged from 6,150 to 18,000 
ft/day in the eastern portion of the aquifer.
A single layer two-dimensional transient numerical flow model was 
successfully calibrated to the February 1, 1986 water level data and the monthly water 
level changes over a one year period. An approximate ground water budget was 
developed based on the model indicating that about 232,000 acre-ft/yr of water flow 
into, and out of, the aquifer, with leakage from the Clark Fork River contributing 
about 192,000 acre-ft/yr of the total inflow, or about 83 percent. Model results also 
indicate that the stage of the river relates linearly to the rate of leakage, with high 
stage corresponding to high leakage rates and low stage corresponding to low leakage 
rates. Further simulations of 1989 seasonal water level trends were used in an 
attempt to verify the model. The model appears capable of predicting seasonal 
responses of the aquifer to changes in recharge and discharge stress. The model also 
forms a base for future management programs which may include determination of 
Well Head Protection Areas and contaminant transport modeling.
11
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
ACKNOWLEDGEMENTS
This study was hinded by the Montana Water Quality Bureau, Mountain 
Water Company, and the Missoula City-County Health Department. I owe special 
thanks to all of these organizations, as this study would not have been possible 
without their support. I would like to thank Dr. William Woessner who helped 
prepare me to undertake this project and offered guidance throughout, and also Dr. 
Nancy Hinman and Dr. John Donahue who reviewed this manuscript. Jim Bigley 
provided his electrical and computer hardware expertise in developing water level 
measuring and data logging equipment. The aquifer tests would not have been a 
success without Jim's help. Thank you.
Ill





List of T a b le s ................................................................................................................ viii
Chapter I: Introduction........................................................................................  1
Purpose and S co p e ............................................................................. 1
Description of Study A rea.................................................................. 3
Previous W ork......................................................................................9
Thesis Organization........................................................................... 14
Chapter II: Data Collection M ethods......................................................................15
Physical Boundaries........................................................................... 15
Water Level D ata ................................................................................16
Aquifer Properties..............................................................................19
Aquifer Recharge and Discharge......................................................21
Chapter III: Results of Data A nalysis...................................................................... 26
Physical Boundaries...........................................................................26
Water Level D ata ............................................................................... 29
Aquifer Properties..............................................................................40
Aquifer Recharge and Discharge......................................................47
Conceptual M odel..............................................................................54





Discussion of Numerical Flow M odel.............................................. 87
Chapter V : Conclusions and Recommendations.......................................................96
Recommendations for Further Study............................................... 98
Bibliography................................................................................................................. 100
IV
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
Appendix A: Water Level D ata .................................................................................J05
A.1: MV and MWC Well D ata ....................................................... 106
MV d a t a ...............................................................................107
MWC d a ta ............................................................................ 121
A.2: Interpolated Water Level D a ta ..............................................143
A 3: Potentiometric Surface M a p s .................................................149
Appendix B: U.S. Geological Survey Stream Gaging D a ta ................................... 162
Appendix C: Withdrawal D a ta ...............................................................................167
Monthly Withdrawal Data Per W ell.............................................. 173
Mountain Water Company Total Monthly Production................189
Appendix D: Well Logs.............................................................................................192
D.l: Mountain Water Company Well Logs...................................193
D.2: Cobblestone Condominium Well Log...................................227
Appendix E: Aquifer T e s ts ......................................................................................229
E.1: Aquifer Test Methods.............................................................. 230
E.2: Aquifer Test Analysis.............................................................234
E.3: Aquifer Test D ata ................................................................... 251
Appendix F: Model Input F ile s .............................................................................. 259
Steady State Model Input Files...................................................... 260
Transient Model Input F ile s .......................................................... 268
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
LIST OF FIGURES
Figure 1.1 Missoula study a rea .................................................................................4
Figure 1.2 Geologic map of study area..................................................................... 6
Figure 1.3 Geologic cross-section through study a rea ............................................ 8
Figure 3.1 Aquifer bottom elevation m ap .............................................................. 28
Figure 32  Potentiometric surface Feb-1,1986.................................    31
Figure 3.3 Potentiometric surface Jul-1,1986....................................................... 32
Figure 3.4 Potentiometric surface Jan-1,1987 .................................................... 33
Figure 3.5 Potentiometric surface migration.......................................................... 36
Figure 3.6 Well hydrographs MWC-19 and MWC-20............................................ 37
Figure 3.7 Well hydrographs MWC-30 and MWC-34...........................................38
Figure 3.8 Well hydrograph MV-31 compared to Mountain Water Company
production and flows in the Clark Fork River............................... 39
Figure 3.9 Drawdown curve for aquifer test MWC-34......................................... 42
Figure 3.10 Map showing hydraulic conductivity values.......................................45
Figure 4.1 Model grid and boundaries...................................................................59
Figure 4.2 Observed and model simulated potentiometric surface..................... 65
Figure 4.3 Locations of wells used in statistical comparison...........................   67
Figure 4.4 Calibrated hydraulic conductivity values..............................................69
Figure 4.5 Well hydrographs for MV-34 and MWC-22 showing observed
and simulated water levels............................................................... 74
Figure 4.6 Well hydrographs for MWC-20 and MV-39 showing observed
and simulated water levels............................................................... 75
Figure 4.7 Well hydrographs for MWC-32 and MV-36 showing observed
and simulated water levels............................................................... 76
vi
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
LIST OF FIGURES (CONTINUED)
Figure 4.8 Well hydrographs for MWC-35 and MV-37 showing observed
and simulated water levels...............................................................77
Figure 4.9 Graph of Clark Fork River discharge and simulated
river leakage.......................................................................................79
Figure 4.10 Graph of simulated river leakage and river stage............................... .79
Figure 4.11 Graph of seasonal change in length of leaking reach of
Clark Fork River................................................................................SO
Figure 4.12 Graph of sensitivity analysis................................................................. 83
Figure 4.13 Well hydrographs for MV-34 and MV-35 showing observed and
simulated water levels for verification ru n ..................................... 88
Figure 4.14 Well hydrographs for MV-37 and MV-39 showing observed and
simulated water levels for verification ru n ..................................... 89
Vll













Probable error of Clark's (1986) river leakage estimates................... 10
Summary of hydraulic properties from aquifer tests..........................44
Literature values for hydraulic properties........................................ 46
Summary of aquifer inflows and outflows......................................... 48
Observed and simulated water levels................................................. 66
Mean absolute error for transient m odel............................................ 73
Variation of input parameters for sensitivity ana ly sis ......................81
1986 modeled river stage and measured flow rates............................84
1989 modeled river stage and measured flow rates............................85
Mean absolute error for model verification r u n .................................87
Model-generated ground water budget ................................... 90
vin
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
CHAPTER I: INTRODUCTION
The Missoula Aquifer provides 100 percent of the water supply for the 
Missoula Valley and has thus been designated a Sole Source Aquifer by the 
Environmental Protection Agency (EPA). The aquifer is extremely prolific, but is 
susceptible to contamination from the surface because it is unconfined and lacks a 
continuous overlying protective geologic unit. The desire to maintain a high quality 
supply of water has led to the need for developing aquifer protection strategies. 
However, such strategies require detailed knowledge of the ground water flow system 
and how the system changes over time. This study refines previous estimates of 
aquifer properties and recharge to, and discharge from the ground water flow system, 
quantities essential to an understanding of the system and long-term management 
plans.
PURPOSE AND SCOPE 
The purpose of this study was to quantify the physical properties, hydraulics, 
and sources of recharge and areas of discharge of the Missoula Valley Aquifer to a 
level which would allow the formulation, construction and calibration of a two- 
dimensional steady-state and transient ground water flow model. Because of the 
complex nature of the Missoula Aquifer, such a model is needed to develop and test
1
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aquifer protection strategies. My goal was to compile existing data, gather new data, 
and use the modeling process to verify, modify or reject aspects of previous 
conceptual models such as that presented by Woessner (1988), thereby developing a 
refined conceptual model of the aquifer.
The conceptual model proposed by Woessner (1988) relied heavily on the 
definition of aquifer properties, and recharge and discharge estimates from the work 
of Clark (1986). However, attempts to construct numerical ground water flow models 
using data from Clark's (1986) work have not been successful (Brick, 1987; Clark,
1986), thus a critical analysis of the previous work was undertaken.
My research which included detailed data compilation and re-evaluation, 
collection of new field data, and application of numerical modeling techniques 
involved the following specific tasks:
• The collection and analysis of well logs and geological information to 
determine physical boundaries of the aquifer;
• The compilation and collection of water level data to describe accurately the 
water table surface and its changes over time, and to aid in interpretation of 
hydrogeologic boundaries;
• The quantification of aquifer properties, particularly hydraulic conductivity, 
and refining the distribution of these properties;
• The qualitative and quantitive evaluation of the previously defined ground 
water flow system including recharge to, and discharge from the aquifer;
• The construction of a calibrated steady state and transient numerical flow 
model of the aquifer.
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DESCRIPTION OF STUDY AREA
Numerous authors have prepared site descriptions of the Missoula Valley. The 
description here is taken primarily fix)m the work of Woessner (1988).
Location, Topography and Drainage
The location of the study area is shown on Figure 1.1. The eastern boundary 
of the study area strikes north-south th ro u ^  the mouth of the Hellgate Canyon. The 
northern boundary of the aquifer is the Rattlesnake Hills. The aquifer is bounded to 
the southeast by Mount Sentinel, to the south by the South Hills, and to the southwest 
by Blue Mountain. The western boundary of the study area strikes north-south 
through the confluence of the Clark Fork and Bitterroot Rivers.
The topography of the valley floor is relatively flat, but slopes gradually 
downward at approximately 16 feet per mile from the bounding highlands towards 
the northwest, where the Clark Fork River leaves the valley (Plate 1). There are two 
major river terraces on the valley floor. Twenty foot scarps separate the terraces from 
each other and from the flood plains of the Clark Fork and Bitterroot Rivers (Geldon, 
1979). Another valley floor feature is McCauley Butte, a 200-foot high bedrock outlier 
located in the floodplain of the Bitterroot River in the southwest portion of the study 
area (Plate 1).
The Missoula Valley is drained by the Clark Fork and Bitterroot Rivers. The 
Clark Fork River enters the valley from the east through the 1,500 feet deep Hellgate 
Canyon (Plate 1). The river flows westward for about seven miles, meeting the 
Bitterroot River at Kelly Island. The Clark Fork River has a gradient of 10.4 ft/mi 
within the study area and an average flow rate of approximately 3,000 cubic feet per
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second (cfs) as it enters the study area from the east (USGS, 1989). The Bitterroot 
River enters the valley in the south-central portion of the study area. It flows 
northwest for 4.5 miles at a gradient of 5.2 ft/mi at an average rate of approximately 
2,300 cfs (Geldon, 1979) before joining the Clark Fork River. Several smaller streams 
enter the valley from the surrounding highlands, including Rattlesnake Creek, Grant 
Creek, Pattee Creek, Lavalle Creek, and Butler Creek (Plate 1).
Climate
The climate of the Missoula Valley is semiarid. Winter is dominated by Pacific 
maritime air, which occasionally is displaced by cold continental air draining through 
the Clark Fork Valley. Annual precipitation averages 13.29 inches (NOAA, 1987).
Peak precipitation occurs in May and June. The least precipitation occurs in February 
and March. High intensity convective storms in July and August may also contribute 
significant precipitation.
General Geology
The sediments of the Missoula Valley are continental clastic deposits (Figure 
1.2). The floor of the valley is covered by alluvial and lacustrine sediments of 
Quaternary age deposited from 1.6 million years ago to the present.
The low foothills surrounding the valley floor are principally composed of fine 
grained sediments deposited when the basin was internally drained during the 
Tertiary period, 43 to 5.3 million years before present. Although up to 2,500 feet of 
Tertiary sediments are preserved in the valley (McMurtrey and others, 1965), surface 
exposures are infrequent and poor around the valley margins. The sediments range
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Figure 1.2. Geologic map of study area (adapted from Woessner, 1988).
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in size from clay to coarse gravel and unconformably overlie Precambrian Belt 
Supergroup metasediments.
A north-south diagrammatic section of the valley showing Tertiary and 
Quatemaiy deposits is presented in Figure 1.3. The Cenozoic geology of the Missoula 
area has been described in detail by McMurtrey and others (1965), Kuenzi and Fields 
(1971), Fields (1981), Thompson and others (1982), Wehrenberg (1983), and Fields and 
others (1985).
Mountain ranges surrounding the valley, including Mount Jumbo and Mount 
Sentinel, are composed of Precambrian metasediments of the Belt Supergroup 
deposited 0.8 to 1.6 billion years ago.
The intermontane depression, of which the Missoula Valley is part, is believed 
to have formed as a result of horizontal extension after Laramide thrusting, which 
occurred between late Cretaceous and middle Eocene time, 97.5 to 52 million years 
before present (Fields and others, 1985). The horizontal extension resulted in normal 
faulting parallel to the faces of Mount Jumbo and Mount Sentinel and in the 
formation of the Clark Fork Fault, which is exposed on the north side of the valley 
(Figure 1.2).
General Hydrogeology
Missoula Valley residents use ground water from three sources; fractured 
Precambrian Belt Supergroup rocks. Tertiary Renova equivalent sediments, and the 
coarse alluvium which is exposed at the surface of the valley floor. Use of the 
fractured bedrock and the Renova equivalent aquifers is generally restricted to the 
valley margins. The shallow sand and gravel deposits below the valley floor which 
comprise the Missoula Aquifer are the principal source of ground water.
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Figure 1.3. Schematic north-south cross-section of the Missoula Valley. Location shown on Figure 1.2 (Morgan, 1986).
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The shallow sand and gravel sediments include Pleistocene and Recent alluvial 
sediments and, perhaps an upper portion of the Miocene-Pliocene Six Mile Creek 
Formation. Although these sands and gravels may range greatly in age and be parts 
of different geologic formations, they have similar hydrologie properties. Therefore, 
these sands and gravels are grouped into one hydrostratigraphic unit called the 
Missoula Aquifer. This aquifer yields over 9.7 billion gallons of water annually to 
wells which supply the city and over 4,700 individual dwellings, thus supplying 
water to over 50,000 people and the industries located within the valley. The 
Missoula Aquifer exhibits extremely high hydraulic conductivities, particularly in the 
eastern portion where production wells are known to pump at over 7,000 gallons per 
minute (gpm) while creating drawdowns of less than 5 to 7 feet (Mountain Water 
Company records). The Missoula Aquifer is the focus of this study.
PREVIOUS WORK
Regional hydrogeologic analysis of the Missoula Aquifer has been conducted 
by various workers beginning with McMurtrey and others (1965) who evaluated the 
overall ground water resources of the Missoula Valley. Aquifer tests conducted by 
McMurtrey provided limited information due to low pumping rates, lack of 
observation wells, and imprecise measuring techniques. Geldon (1979) evaluated the 
ground water resources of the Missoula Valley and calculated a water budget that 
indicated outflow from the basin exceeded inflow by 0.1 to 0.5 percent. Morgan 
(1986) conducted a detailed inventory of well logs within the valley and used this 
data to construct geologic cross-sections of the aquifer.
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Clark (1986) estimated the amount of water leaking from the Clark Fork River 
into the aquifer by measuring discharge of the river at two gaging stations and taking 
the difference in these measurements as river leakage. The gaging stations were 
established temporarily at the University Walk Bridge and about three miles 
downstream at the Reserve Street Bridge. A ground water budget for the aquifer was 
developed based on these data, in which leakage from the Clark Fork River accounted 
for approximately 90 percent of the recharge (Woessner, 1988). However, in 
examining Clark's data, it becomes evident the leakage estimates have no statistical 
validity because of the sensitivity of the estimates to the probable error in discharge 
measurements. Clark calculated ranges in estimated leakages taking into account +5 
percent and +10 percent errors in discharge measurements, the results of which are 
presented in Table 1.1.
Table 1.1
Range in Calculated River Leakage Values 
Based on +5% and +10% Error in River Discharge Measurements 
(Taken from Clark, 1986, p.61)
Measured Leakage Range for Percent Leakage Range for Percent
Date Leakage fcfsl 5% 0  Error fcfsl Difference 10% O Error fcfsl Difference
4/20/85 1,315 1.855 to 755 +41% 2,395 to 235 ±82%
5/10/85 377 1,089 to -335 +189% 1,803 to -1,049 ±380%
5/24/85 528 1,427 to -371 ±170% 2,326 to -1,270 ±340%
6/15/85 618 1,025 to 211 ±66% 1,432 to -196 ±132%
7/13/85 99 188 to 11 ±90% 276 to -78 ±180%
10/10/85 351 540 to 162 ±54% 730 to -28 ±108%
2/3/86 45 218 to -128 ±384% 390 to -300 ±770%
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Clark believed his estimated leakages were near the true values because he 
used consistent measuring techniques and well maintained equipment. However, he 
did not state an estimated accuracy for his estimates.
To evaluate the accuracy of Clark's measurements, I compared them to those 
obtained by the USGS at a neaiby gaging station. The USGS operates a permanent 
gaging station on the Clark Fork River about 2-1/2 miles above Clark's upstream 
station, located near Bandmann Bridge in East Missoula. The USGS rates this station 
as accurate within 10 percent of the true discharge for 95 percent of measurements 
(USGS, 1986). The USGS has recorded discharge daily at this station for over 60 
years. The site was chosen because it is a relatively straight and uniform stretch of 
the river. Stage measurements are made within a stilling well. In contrast, Clark's 
gaging stations were temporary, with less than one year of data collected. The 
stations were located where islands divide the flow of the river, thereby complicating 
measurements. Stage measurements were obtained by suspending a weighted steel 
tape in the open channel of the river, thereby introducing more error than if a stilling 
well were used. Given these comparisons, it becomes obvious that Clark's discharge 
measurements can at best be considered within the 10 percent accuracy that the USGS 
rates its nearby station. Based on the sensitivity of leakage estimates to errors in 
discharge measurements as illustrated in Table 1.1, it is clear that estimating leakage 
from the Clark Fork River using this method is statistically invalid.
Based on his discharge measurements and leakage estimates, Clark attempted 
to define the interactive mechanism between the river and the aquifer. He concluded 
that the leakage rate of the river varied over the course of the year as a result of 
changing permeability of the river bed. His hypothesis was that silts and clays were
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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deposited on the river bed during the low flows of fall and winter, thus decreasing 
leakage rates w ith the high spring flows scouring away the fine deposits, thereby 
increasing leakage rates.
There are other concerns w ith Clark's data. He defined transmissivity within 
the aquifer using specific capacity data obtained from drillers logs and the results of a 
series of aquifer tests conducted on a municipal well. The transmissivities obtained 
from drillers logs varied by over two orders of magnitude w ith no trends in 
distribution apparent. Transmissivity values obtained from the aquifer tests varied 
nearly one order of m agnitude even though the tests were conducted on the same 
well. From this data, Clark concluded that the Clark Fork River was hydraulically 
connected to the aquifer and that high production wells located near the river draw 
nearly all their w ater directly from the river, thereby decreasing flows in the river.
Clark also determined values for porosity, specific yield, and specific retention 
based on a perm eam eter test using materials excavated from a construction site.
These values have been used by m any workers (Brick, 1987; Peery, 1988; Pottinger, 
1988; Woessner, 1988; and Wogsland, 1988). However, Clark did not attem pt to 
quantify measurement error or error introduced by  using a disturbed sample. In 
addition, the test apparatus Clark constructed was non-standard and no standard test 
procedures were referenced, making any quantification of accuracy of his resulting 
values impossible.
Using his data, Clark constructed a two-dimensional steady state flow model 
of the eastern portion of the aquifer from the Clark Fork River extending south to the 
Bitterroot River. Calibration of the model was unsuccessful.
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Brick (1987) constructed a two-dimensional transient flow model of the aquifer 
using the data of Clark (1986). Brick was unable to calibrate the model to transient 
conditions and concluded that additional geologic and aquifer param eter data were 
necessary.
Research focusing on the interpretations of localized flow systems and aquifer 
properties includes the w ork of Peery (1988), in which a hydrocarbon spill from the 
Champion Mill site was investigated; Pottinger (1988), who studied a herbicide 
contaminant plume originating hom  the Missoula County Weed Control facility; and 
Wogsland (1988), who studied the effect of city storm drains (dry wells) upon aquifer 
water quality. Both Peery and Pottinger constructed and calibrated two-dimensional 
ground w ater flow models and used the results to drive solute transport models to 
track and predict contaminant plume movement. Hydraulic conductivity distributions 
and leakage rates from the Clark Fork River were determined by Peery and Pottinger 
for their respective study areas based on calibrated model results.
W oessner (1988) summarized research on the eastern portion of the aquifer 
(the same area which this study focusses on) and, in effect, formed a conceptual 
model of the ground w ater flow system in this area. This conceptual model was 
based largely on the aquifer parameters and river leakage values estimated by Clark 
(1986). Based on available data, Woessner estimated hydraulic conductivities ranging 
from about 1,000 f t/d a y  to 3,400 ft/day . Based on w ater levels measured in wells 
near the Clark Fork River and on the stage of the river, Woessner estimated that the 
losing reach of the river varied in length from 4 to 6 miles throughout the year, 
extending w est from the m outh of the Hellgate Canyon. Using the river leakage 
values estimated by Clark (1986), Woessner then estimated that the river recharges the
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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aquifer at a rate of about 400,000 acre-ft/yr, comprising 90 percent of the total 
recharge to the aquifer.
W oessner's conceptualization of the aquifer flow system indicates a general 
flow direction from east to southwest, w ith the aquifer discharging to the Bitterroot 
River and the Clark Fork River in the western portion of the study area.
While the general conceptual model of the Missoula Aquifer presented by 
W oessner (1988) is well substantiated by the existing data, the specific values of 
aquifer parameters and ground w ater budgets which were based on the work of Clark 
(1986) require re-evaluation. As stated earlier in this Introduction, one of the main 
goals of this study is to provide such re-evaluation.
THESIS ORGANIZATION
Chapter II of this thesis summarizes the methods used to: 1) determine the 
physical boundaries of the aquifer from well log data; 2) accurately describe the water 
table surface from w ater level data; 3) define the distribution of aquifer parameters 
from aquifer test data; and 4) develop a ground w ater budget from recharge and 
discharge data. Chapter III summarizes the results of analyzing the data described 
above, and formulates a refined conceptual model of the aquifer based on these 
results. Chapter IV describes the construction of the two-dimensional steady state 
and transient numerical flow model based on this refined conceptual model, and 
presents the results of model calibration and verification. Chapter IV concludes with 
a discussion of potential applications, capabilities and limitations of the model. 
Chapter V summarizes the goals which were attained and the subsequent conclusions 
of this study, concluding w ith recommendations for future research.
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CHAPTER II: DATA COLLECTION METHODS
This chapter is divided into four sections which address the methods used to 
accomplish the tasks outlined in Chapter I. The first section describes how 
information from well logs was used to interpret the base of the aquifer, and %he 
presence and continuity of hydrostratigraphic units which comprise the aquifer. The 
second section describes the methods used to collect and compile water level data 
used to define the water table surface and it's changes over time, and to interpret 
hydrogeologic boundaries. The third section details the m ethods I used to quantify 
and define the distribution of aquifer properties, in particular, hydraulic conductivity 
and specific yield. The fourth section of this chapter describes the methods I used to 
conceptualize and quantify the recharge to, and discharge from, the Missoula Aquifer.
PHYSICAL BOUNDARIES
The aquifer is bounded laterally by the surrounding Tertiary and Precambrian 
hills, as described in Chapter I. The specific location of these boundaries was derived 
from u s e s  topographic maps (1:24,000 scale) which show the break in slope as the 
valley floor meets the bounding highlands.
Well l o ^  of about fifty wells located throughout the study area were analyzed 
to describe the base of the aquifer and to determine the presence and continuity of 
hydrostratigraphic units. Logs of M ountain W ater Company wells (Appendix D)
15
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provided the most complete Information as they extend to Woessner's (1988) 
interpretation of the aquifer base. The hydrostratigraphy of the aquifer was taken 
largely from M organ (1986) and Clark (1986) who compiled well logs and developed 
cross sections, and W oessner's (1988) interpretation of their work.
WATER LEVEL DATA
The Missoula Aquifer has been tapped by 33 high-yield wells by Mountain 
Water Company, and by  four to six thousand standard w ater wells, resulting in 
numerous points potentially available for water level (head) measurement. Head is 
probably the easiest hydraulic param eter to measure, and hence, the best known 
param eter throughout the study area. The potentiometric surface (water table) as 
interpreted from head measurements is commonly one of the key parameters to which 
a flow model is calibrated. Therefore, determining m onthly potentiometric surfaces 
for the Missoula Aquifer was the main objective in gathering and analyzing water 
level data. In addition, data were used to evaluate the effects of recharge and 
withdrawal on the potentiometric surface and to locate possible hydrogeologic 
boundaries.
To refine existing potentiometric surface interpolations, I compiled a data base 
of m onthly w ater level measurements taken from m any different sources and then 
collected additional key w ater levels to fill in gaps in the data base. I determined that 
the greatest num ber of wells distributed throughout the study area, had been 
monitored by various workers during 1986. Therefore, I chose the period February 1, 
1986 to January 1, 1987 (model year 1986) as the best time to make m onthly 
potentiometric surface maps and to calibrate the model. The workers who collected
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w ater level data during the 1986 model year were: M ountain W ater Company (1989), 
Clark (1986), Ver Hey (1987), Peery (1988), and Pottinger (1988). These data reflect 
m onthly measured w ater levels available at 78 locations. The measurements from 
these locations were from a combination of wells w ith precisely surveyed elevations 
and wells w ith elevations estimated from USGS topographic maps. To refine the 
accuracy of the data base, I surveyed the elevations of 25 wells which had not 
previously been surveyed using a theodolite and registered bench marks. The 
surveyed well elevations were generally within two to seven feet of the estimated 
elevations, however, a few wells were off by 20 to over 40 feet (MWC-17, MWC-22, 
and MWC-28).
In areas where m onthly water level data collected during the 1986 model year 
were sparse, I examined data collected at later dates when interpolating water table 
trends. Hence, I also used supplemental data for an additional 28 locations collected 
by Smith (1990), K ennedy/Jenks/Chilton (1989), Wemple (1989), Wogsland (1988), 
Gillan (1989), and data I collected from October, 1987 to October, 1989. Incorporating 
these "out of time" data was less accurate than using water levels measured during 
the same year; however, their use approximated water levels and gradients in areas 
lacking data in 1986. By using w ater level measurements from more locations than 
had been used by previous workers (Woessner, 1988; Brick, 1987; and Clark, 1986), 
and by refining the accuracy of the well elevations, I constmcted the most accurate 
potentiometric maps of the Missoula Aquifer to date.
The w ater level data for Mountain W ater Company wells and those collected 
by the University of M ontana for the on-going Missoula Valley Aquifer study were 
reported for their specific measurement dates (Appendix A.l), and were also
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interpolated with respect to time in order to adjust all data to the first of every month 
(Appendix A.2). By interpolating w ith respect to time, errors introduced by water 
level measurements not taken from all wells at the same time were minimized. Water 
level data taken from previous workers were interpolated w ith respect to time for this 
study, and only the time-interpolated data appear in Appendix A.2.
Wells which provided w ater level data were assigned coordinates in the same 
X-Y grid system that was used to construct the numerical flow model presented in 
Chapter IV. The locations of these wells, along w ith the model grid system are shown 
on Plate 1.
The m onthly potentiometric surface maps were plotted for the 1986 model year 
using the w ater level data interpolated to the first of every month. The resulting 
potentiometric maps are discussed in detail in Chapter III and presented in Appendix 
A. The potentiometric surface maps were then examined for indications of 
hydrogeologic boundaries. For example, I interpreted the downstream  bending of 
water table contours in the vicinity of the Clark Fork River as representing ground 
w ater flow away from the river due to w ater leaking from the river into the aquifer, 
thus creating a water table mound and localized hydrogeologic boundary where the 
flow of ground water tends to diverge in opposite directions. Where w ater table 
contours bend upstream  around the river, ground water discharges to the river, 
creating a w ater table low, or sink, to which water from either side of the river flows 
too. W ater table contours which paralleled lateral boundaries of the basin were 
assumed to represent positive flux conditions, while flow lines perpendicular to basin 
sides indicated zero flux conditions. My interpretations of hydrogeologic boundaries 
as evidenced by the potentiometric surface maps are also presented in Chapter III.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
19
AQUIFER PROPERTIES
Hydraulic conductivity and specific yield are aquifer properties which must be 
determined, at least approximately, to quantify rates of ground w ater movement 
through the Missoula Aquifer. Values for hydraulic conductivity are typically 
obtained from aquifer tests. However, aquifer tests conducted by past workers on the 
aquifer (Clark, 1986; Hydrometrics, 1984; McMurtrey and others, 1965) resulted in 
hydraulic conductivity estimates that range over 2 orders of magnitude. Upon 
examination of techniques used by these workers in conducting their aquifer tests, I 
noticed that one or more of the following problems typically prevented the collection 
of accurate data: 1) wells w ith insufficient pum ping rates were used, thus inducing 
insufficient stress to the aquifer; 2) drawdowns were measured in pum ping wells and 
not in observation wells, thus introducing errors from the effects of well inefficiency 
and pum p noise; 3) pum ping wells were not shut off far enough in advance of testing 
to allow full recovery of the aquifer; 4) nearby large production wells were not shut 
off for the duration of the test, thus introducing noise into the data; 5) the tests were 
too short to stress the aquifer adequately; and 6) the w ater level measuring techniques 
were not sensitive enough given the small amounts of draw dow n observed, and 
oftentimes data were not collected fast enough to provide meaningful early 
draw dow n data.
It w as m y goal to greatly improve upon the quality of the aquifer test by:
1) using wells w ith high pum ping rates (1,000 GPM or higher); 2) measuring 
draw dow n in nearby observation wells; 3) allowing full recovery of pum ping wells 
prior to testing; 4) shutting down nearby high production wells during the tests;
5) pum ping the wells continuously for at least six hours; and by 6) utilizing very
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sensitive transducers with fast response data logging or continuous float recorders to 
measure w ater levels. With the Improved quality of aquifer tests, I assumed that 
hydraulic conductivity estimates would be much more accurate and consistent, thus 
reducing the reasonable range of estimated values.
Five aquifer tests were conducted during the sum m er and fall of 1989 utilizing 
Mountain W ater Company wells with nearby observation wells. M ountain W ater 
Company was extremely cooperative in allowing access to their wells and altering 
pum ping schedules to facilitate the tests.
In addition to the five aquifer tests conducted as part of this project, results of 
recent aquifer tests conducted for the Clark Fork W ater Company (Dunn, 1987) are 
included. Detailed descriptions of the instrumentation and methodology used on 
each aquifer test are presented in Appendix E.
The aquifer tests were analyzed using curve-matching techniques presented by 
Lohman (1979), in which he summarized aquifer test analysis techniques and 
theoretical draw dow n curves developed by  several authors which apply to different 
types of aquifers. To analyze the aquifer tests, 1 applied the delayed-yield techniques 
of Boulton (1963), the Theis (1935) curve-matching technique, the gravity-drainage 
techniques of Stallman (1965), and the Cooper (1963) method for analysis of leaky 
confined aquifers. The details of the analysis of each aquifer test are also presented in 
Appendix E.
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AQUIFER RECHARGE AND DISCHARGE
In this section, I first present the m ethods used to conceptualize and quantify 
recharge and discharge to the aquifer. I then discuss methods used to develop a 
balanced ground w ater budget during steady state conditions for the aquifer.
A quifer Recharge
Leakage from the Clark Fork River is believed to be the prim ary source of 
recharge to the Missoula Aquifer (Woessner, 1988; Pottinger, 1988; Peery, 1988; and 
Clark, 1986). However, as discussed in Chapter I, this source of recharge has not been 
accurately quantified. Nonetheless, estimates have been p u t forth (Woessner, 1988; 
Clark, 1986). Peery (1988) and Pottinger (1988) obtained values of recharge from the 
Clark Fork River within their respective study areas from results of their numerical 
modeling efforts. To obtain a range of possible recharge values from the Clark Fork 
River, I used a numerical model to interpret the flow system and compared these 
values to those reported by Woessner (1988), Pottinger (1988), and Peeiy (1988). The 
results of the modeled recharge values are discussed in Chapter IV.
Recharge is also presumed to occur through underflow from the adjacent 
drainages. Underflow from the Clark Fork River's Hellgate Canyon, Rattlesnake 
Creek drainage. Grant Creek drainage, LaValle and Butler Creek drainages, Pattee 
Creek drainage, and the Bitterroot Valley were included. Adequate data were 
available to estimate underflow from Hellgate Canyon, Rattlesnake Creek drainage, 
and the Bitterroot Valley using Darcy's Law expressed as:
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Q = K ’» A * I  
where; Q = Discharge (L^/t)
K = Hydraulic conductivity (L/1)
A = Cross-sectional area of aquifer (L’)
I = Hydraulic gradient (L/L)
Estimates of underflow from Grant Creek drainage were taken from duBreiul (1983). 
No data were available to estimate underflow from LaValle, Butler, or Pattee Creek 
drainages. To approximate underflows, I compared the drainage areas of these creeks 
to the drainage area of Grant Creek and interpolated underflow to vary linearly, along 
with the drainage area, from that of Grant Creek.
Additional estimates of components of the aquifer recharge included recharge 
from irrigation return, taken from the work of Gel don (1979), and recharge from 
direct precipitation and storm drain injection, taken from the w ork of Wogsland 
(1988). Recharge from the adjacent Tertiaiy Hills was estimated from Darcy's Law, 
using parameters based on the work of Northern Engineering (1987). Finally, 
recharge from Mountain W ater Company line loss for the 1986 model year was 
estimated by the company's estimated leakage rate.
A quifer Discharge
The lower reach of the Clark Fork River w ithin the study area is believed to 
gain w ater from the Missoula Aquifer (Woessner, 1988). However, as w ith leakage 
from the upper reach, quantification of return flow from the aquifer cannot be 
determined based on existing data. I used results of my numerical flow model to 
estimate this return flow, as discussed in detail in Chapter IV.
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The aquifer is assumed to discharge to the Bitterroot River within the study 
area as indicated by  measurements of Clark (1986) and Shields (1989). However, as 
w ith leakage estimates for the Clark Fork River, aquifer discharge to the Bitterroot 
River cannot be quantified based on the existing data. To estimate discharge to the 
Bitterroot River, I again used the results of my numerical model as discussed in 
Chapter IV.
Detailed m onthly pum ping totals were available for Mountain W ater Company 
wells and Valley West W ater Company wells (Appendix C). Pum ping for other 
domestic users was estimated based on average daily use per household.
M any industrial users that obtain their water from private wells were not 
included in this report. Non-agricultural irrigators that use private wells were also 
excluded. These users account for a small percentage of total w ater w ithdrawn from 
the aquifer, and it is anticipated that their exclusion will have negligible effects on the 
ground w ater budget. Agricultural irrigators were not included because they use 
mostly surface water (Geldon, 1979).
Since the w ater table slopes generally to the west, it is known that ground 
water discharges laterally from the western boundary of the study area. I used 
Darcy's Law and very approximate values of hydraulic conductivity and aquifer 
thickness to approximate the discharge from this boundary.
Discharge by  évapotranspiration was not accounted for. Evapotranspiration is 
probably an im portant source of aquifer discharge in riparian areas (Woessner, 1988). 
However, these areas make up a small portion of the study area.
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G round W ater Budget
To conceptualize the recharge and discharge of ground w ater flow within the 
study area, I developed the following equation which describes the budget based on 
the sources of recharge and discharge discussed above for steady state conditions. 
February 1, 1986, was chosen to approximate steady state conditions because water 




INFLOW = OUTFLOW 
Leakage from the Clark Fork River.
Underflow from Hellgate Canyon.
Inflow from Rattlesnake Creek drainage.
Inflow from Grant Creek drainage.
Inflow from LaValle and Butler Creek drainage. 
Inflow from Pattee Creek drainage.
Underflow from the Bitterroot Valley aquifer. 
Recharge from irrigation.
Recharge from direct precipitation.
Recharge from adjacent Tertiary hills.
Recharge from adjacent Precambrian bedrock. 
M ountain W ater Company line loss.
Groundwater discharge into the Clark Fork River. 
Groundwater discharge into the Bitterroot River.
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• Lateral outflow from the Missoula aquifer.
• Discharge of wells.
These components of the ground water budget are quantified in Chapters III 
and IV.
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CHAPTER III: RESULTS OF DATA ANALYSIS
This chapter presents the data which were essential in constructing the 
numerical flow model of the Missoula Aquifer and, hence, essential in refining 
previous conceptual models of the aquifer. Data from various sources were combined 
into one data base for re-interpretation and new data were collected and analyzed.
The chapter is divided into five sections, w ith the first four sections organized 
similarly to Chapter II. The first section describes the physical boundaries or 
geometry of the aquifer. The second section presents the w ater level data and 
resulting m onthly w ater table maps, results of long-term w ater level monitoring, and 
the interpretation of hydrogeologic boundaries based on w ater level data. In the third 
section, I present my interpretation of aquifer properties based mainly on the results 
of project aquifer tests. The next section discusses aquifer recharge and discharge and 
quantifies to the best of the available data, the ground w ater budget introduced in 
Chapter II. The fifth section synthesizes the above information into a conceptual 
model of the Missoula Aquifer, which is used as the starting point for development of 
the numerical model presented in Chapter IV.
PHYSICAL BOUNDARIES
To estimate the physical boundaries or geometry of the aquifer, I used the 
same methodologies and criteria used by earlier workers such as Woessner (1988),
26
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Pottinger (1988), Morgan (1986), and Clark (1986). As discussed in Chapter II, the 
lateral boundaries of the sand and gravel aquifer are formed by  the surrounding 
Tertiary and Precambrian hills. A map view of the aquifer was shown in Figure 1.1.
I combined interpretations of Woessner (1988), Pottinger (1988), and Morgan 
(1986) to interpret the base of the aquifer under my study area. These workers used 
logs of deep wells, predom inantly Mountain W ater Company wells, interpreting the 
aquifer base to be the transition from relatively loose and coarse Quaternary alluvial 
sands and gravels to relatively tighter and finer grained sands, gravels, and clays 
believed to be of Tertiary age. These interpretations have been supported by the 
unsuccessful attempts of Mountain W ater Company to pum p water from test wells 
finished in the deeper clayey sands and gravels. Figure 3.1 shows my interpretation 
of the aquifer base w ith well locations plotted which provided aquifer depth data. 
Based on this data, aquifer depth was inferred at a total of 25 locations, thus, the 
aquifer base was interpolated considerably to develop Figure 3.1.
W oessner (1988) summarized the extensive well log analysis conducted in the 
Missoula Valley by Morgan (1986) and described a stratigraphy w ithin the aquifer 
consisting of three units. For the purposes of this regional flow study, the three 
stratigraphie units have been combined into a single unit. I did this because, from a 
regional standpoint, the aquifer behaves predominantly as a  single layer unconfined 
aquifer. The silty sandy clay and gravel layer comprising unit 2 in W oessner's report, 
which lies between the sand and gravel comprising units 1 and 3, appears to be 
discontinuous; thus, I assumed it does not generally form a significant boundary 
between the two highly transmissive units. However, in some areas and on a more 
localized scale, unit 2 may be hydrogeologically important. Evidence of a "layered
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Figure 3.1. Contour map of the aquifer base in feet above m ean sea level. Well 
locations which provided aquifer depth data are shown.
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aquifer system" was not seen in any aquifer test conducted for this project, as 
illustrated later in this chapter.
A schematic cross section through the study area was presented in Figure 1.3, 
taken from Morgan (1986). The valley alluvium comprises the simplified single layer 
Missoula Aquifer referred to in this study.
WATER LEVEL DATA
As previously mentioned, the main goals of w ater level monitoring in the 
Missoula Aquifer are to develop water table (potentiometric surface) maps, interpret 
hydrogeologic boundaries, and observe long-term water level trends.
The ability to simulate a measured potentiometric surface is typically the main 
criteria to which numerical flow models are calibrated. Therefore, the development of 
potentiometric surface maps from measured data was a key element in constructing 
the flow model presented in Chapter IV. Potentiometric surfaces have been plotted 
by num erous past workers and they have established that ground water generally 
flows in a westerly and southwesterly direction (Woessner, 1988; Clark, 1986; GeldOn, 
1979; and McMurtrey and others, 1965). By combining the existing w ater level data 
into one data base, surveying the elevations of wells which had not previously been 
surveyed, and collecting new data where geographical gaps in the data existed, I was 
able to create more accurate potentiometric m aps of the eastern portion of the aquifer 
than were previously available.
The resulting monthly potentiometric surface m aps were prepared based on 
the interpolated w ater level data for the period February 1, 1986 to January 1,1987 
and are presented in Appendix A.3. Potentiometric surface maps for February and 
July, 1986 and January, 1987 are shown in Figures 3.2, 3.3, and 3.4, respectively.
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As show n by previous workers, the flow directions are predom inantly from 
the east to the west, as illustrated in Figures 3J2, 3.3, and 3.4. However, these new 
potentiometric m aps show a m ore complete, valley wide, interpretation of the flow 
system, and show more detail in areas near the Clark Fork and Bitterroot Rivers and 
along the north side of the valley than do eariier maps. Thus, a m ore accurate 
calibration criteria for the numerical flow model is available than was previously.
In an attem pt to quantify the am ount of error likely in the interpolated w ater 
levels, I added the estimated error of the following:
well survey elevations +0.12 feet
w ater level m easurement +0.02 feet
interpolation w ith respect to time +0.30 feet
Total E rro r +0.44 feet
Where; Error in well survey elevations is the error calculated from reported 
instrum ent accuracy and shot distances.
Error in w ater level measurements is the error estimated in reading 
w ater levels from a chalked steel tape.
Error in interpolation w ith respect to time is the error introduced by 
interpolating m onthly w ater level m easurements taken at various 
times to the first of every month.
As a result, I assume that the interpolated w ater levels and hence, 
potentiometric surfaces, are ideally accurate to w ithin about +0.44 foot. However, the 
true accuracy is likely somewhat less than this estimate due to errors in locating wells
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Figure 32. Potentiometric surface and estimated flow directions of the Missoula 
aquifer on February 1, 1986 (elevation in feet above m ean sea level).
________ potentiometric surface
------------ flow direction
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Figure 3.3. Potentiometric surface and estimated flow directions of the Missoula 
aquifer on July 1, 1986 (elevation in feet above mean sea level),
________ potentiometric surface
------------ flow direction
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Figure 3.4. Potentiometric surface and estimated flow directions of the Missoula 
aquifer on January 1, 1987 (elevation in feet above m ean sea level).
________ potentiometric surface
------------ flow direction
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precisely, interpreting w ater level contours between wells, and other possible sources 
of error not accounted for.
In the eastern portion of the study  area, where the Clark Fork River enters the 
valley through the m outh of Hellgate Canyon, the potentiometric surface bows 
downstream  around the river, indicating a higher w ater table below the river than 
imm ediately adjacent to it. This w ater table high indicates that the river is losing 
water, hence recharging the aquifer. Since ground w ater appears to flow away from 
the river in  this losing reach, a localized hydrogeologic divide is assumed for the 4 to 
4-1 /2  mile reach from the m outh of Hellgate Canyon to the west. W oessner (1988) 
and Clark (1986) also concluded that the river leaks w ater to the aquifer along this 
reach.
The potentiom etric m aps indicate that the entire length of the Bitterroot River 
in the study area and the Clark Fork River in the western portion appears to be 
gaining w ater from the aquifer. Two researchers collected data which indicate that 
the Bitterroot River is a gaining river in the study area. Clark (1986) measured 
ground w ater levels in well MV-39 located adjacent to the river, and he also measured 
the level of the river at the Buckhouse Bridge. Clark's data indicate that the w ater 
table is typically about three feet higher near MV-39 than the river level at Buckhouse 
Bridge, a distance of about 700 feet from the well. This implies that ground w ater 
flows tow ards, and discharges to, the river. Clark (1986) and Shields (1989) who 
m easured the flow of the Bitterroot River at the Buckhouse Bridge and at points 
downstream , found that the Bitterroot River was gaining w ater in this stretch. Since 
no inlet tributary  stream s enter this stretch, both Clark and Shields concluded that 
inflow to the river was most likely from ground w ater discharge.
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To illustrate seasonal changes in w ater levels, I have shown the migration of 
the 3,145 ft and 3,130 ft potentiometric contours from February to July, 1986 in Figure 
3.5. The diagram  illustrates the extremes of w ater table changes throughout the year. 
For example, the 3,145 ft. contour migrates about 1-1/4 miles dow ngradient from 
February to July as the quantity of w ater recharging the aquifer from the east 
increases, thus raising the level of the water table. Further to the west, the seasonal 
migration seems to be dam pened som ewhat as illustrated by  the 3,130 ft. contour.
The general rise of the w ater table in late spring and early sum m er shows that the 
aquifer is being recharged by  the Clark Fork River and other sources faster than it can 
discharge water. The w ater table declines in m id-sum m er and on into late w inter as 
recharge declines, stabilizing somewhat in December through March indicating a 
balance betw een aquifer recharge and discharge (potentiometric m aps for all months 
in the 1986 m odel year are shown in Appendix A 3).
Hydrographs for M ountain W ater Com pany wells show long-term trends, as 
they have the longest record comprised of m onthly w ater level measurements (Figures 
3.6 and 3.7). It appears the w ater table declined by about two to four feet in 1983 and 
stabilized at that level. Figure 3.8 shows the hydrograph for MV-31, together with 
m onthly total ground w ater w ithdrawals from MWC wells (Appendix C), and the 
average m onthly flows of the Clark Fork River m easured by  the USGS at the above 
Missoula gaging station (Appendix B). As illustrated by  Figure 3.8, the apparent 
trend for a low ering of the w ater table starting in 1983 coincides w ith increased 
ground w ater w ithdraw als by M ountain W ater Company. However, the discharge 
graph of the Clark Fork River shows a trend of decreased flows starting at about the 
same time as a result of below average flows.
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Figure 3.5. M igration of the 3,145 ft and 3,130 ft potentiometric contours from 
February, 1986 to May, 1986 to July, 1986 (migration is east to west).
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Figure 3.6. H ydrographs for wells MWC-19 and MWC-20.
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Figure 3.7. H ydrographs for wells MWC-30 and MWC-34.
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Figure 3.8. Comparison of well MV-31 hydrograph to total m onthly ground water 
w ithdraw als for M ountain W ater Company wells and average monthly discharge for 
the Clark Fork River (USGS above Missoula) for the time period May, 1979 to May, 
1989.
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This apparent trend of a lowered w ater table since 1983 is most likely caused 
by  below average flows in the Clark Fork River or increased ground w ater 
w ithdrawals by M ountain W ater Company, or both. W oessner (1988) concluded that 
the existing data do not allow separating the individual effects of these factors. The 
data presented thus far in this report support his conclusion. The possible cause or 
causes of w ater level decline will be examined using results of the com puter flow 
model in Chapter IV.
AQUIFER PROPERTIES
Knowledge of the distribution of hydraulic conductivity within the aquifer was 
crucial to the construction of the numerical flow model and the development of a 
conceptual model describing the rates at which w ater flows through the system. In 
this section, I present the results of the project aquifer tests which were used to 
estimate values of hydraulic conductivity.
Four aquifer tests conducted near the Clark Fork River and in the interior of 
the basin (MWC-3, MWC-7, MWC-22, and MWC-34) resulted in hydraulic 
conductivity estimates ranging from 6,150 ft/d ay  to 18,000 ft/day . An aquifer test on 
well MWC-24 located near the south edge of the basin yielded a hydraulic 
conductivity estimate of 2,400 ft/day , while the nearby test of the Clark Fork W ater 
Com pany well (Dunn, 1987) yielded a value of about 1,550 ft/day.
Complete results of all the project aquifer tests are presented in Appendix E, 
which includes a detailed description of each test, draw dow n versus time curves, 
recovery versus time curves, sketches showing spatial arrangem ents of the tests, and 
the raw  data from each test.
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In Figure 3.9, I have shown the draw dow n versus time curve for well MWC- 
32, m onitored during  the aquifer test on MWC-34, to provide a typical example and a 
basis for discussion. Boulton's delayed-yield theoretical curves (Lohman, 1979, Plate 
8), used to analyze these data, resulted in a hydraulic conductivity of about 5,710 
ft/day . In addition, I analyzed the data using the techniques of Stahlman (1965), 
which take into consideration gravity drainage and difference in vertical and 
horizontal hydraulic conductivity. Matching the data with Stahlman's theoretical 
curves (Lohman, 1979, Plate 7E) resulted in a hydraulic conductivity of about 6,430 
f t/d a y  and a vertical hydraulic conductivity of 43 ft/day .
Considering that the Clark Fork River is located about 400 feet to the north of 
MWC-34 and MWC-32 (Figure E.l, Appendix E), the draw dow n data indicate that a 
recharge boundary was not encountered during the six-hour pum ping duration. In 
addition, the aquifer test on MWC-22, also located near the river, showed no recharge 
boundary. This suggests that the river is not hydraulically connected to the water 
table, as assumed by some previous workers (Clark, 1986). It appears that the river 
loses w ater to the aquifer creating a slight rise in the w ater table below the river, but 
does not lose w ater fast enough to become hydraulically connected to the aquifer.
The slight rise in the w ater table below the river is not large enough to become 
apparent in aquifer tests such as I conducted. One hypothesis that would explain this 
apparent lack of connection between the river and the aquifer is the following. The 
gravels and sands that extend from the river channel bottom to the w ater table are so 
coarse and perm eable that the am ount of w ater leaking out of the river bottom is 
insufficient to achieve complete saturation in the vertical column between the river 
bottom  and the w ater table (or at least not sufficient to create a total head pressure




































Figure 3.9. D raw dow n versus time in observation well MWC-32.
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greater than atmospheric pressure). Thus, a slight m ounding in the w ater table occurs 
below the river, not a complete hydraulic connection between river and aquifer.
This hypothesis could be tested by installing a piezometer in the m iddle of the 
river directly across from MWC-34. If the hypothesis were true, a piezometer 
extending 10 or so feet below the river bottom would be dry. Not until the 
piezometer were extended down to just above the w ater table elevation in MWC-34 
would ground w ater be encountered, consistent w ith a slight rise in the water table 
from localized recharge, but not a high enough boundary to become apparent in an 
aquifer test sim ilar to that I conducted.
The possible explanation presented above is supported by  the potentiometric 
surface m aps which indicate a rather small w ater table high below the eastern portion 
of the river. In addition, Peery (1988) estimated that the w ater table rose about 0.2 
feet below the river in his study area. His estimate was based on vertical gradients 
m easured in wells near the river and on results of his numerical flow model.
Table 3.1 summarizes the hydraulic conductivity estimates from all project 
aquifer tests and from D unn's (1987) tests of the Clark Fork W ater Company wells. 
This assumes a probable error of +20 percent as discussed in  Appendix E. The 
vertical hydraulic conductivity values were calculated for aquifer tests MWC-34 and 
MWC-7, where the Stallman (1965) curve matching technique w as used. Specific yield 
values derived from the aquifer tests are also included.
These hydraulic conductivity results are also depicted on Figure 3.10 to show 
the actual locations of the measured values within the Missoula Aquifer.
I compared m y hydraulic conductivity estimates to values reported in the 
literature for sediments of similar grain size and to values reported for other highly 
conductive alluvial aquifers in the Columbia drainage system (Table 3.2). Vaccaro




Summary of Hydraulic Properties 
From Aquifer Tests
Estimated Range o f K Vertical 
Estimated K* Values Based on +20% Conductivity Specific
WeU Value (ft/day) Error (ftVday) (ftVday) Yield
MWC-3 18,000 14,400 to 21,600 2,700 .007 to .47
MWC-7 9,700 7,760 to 11,640 .008 to .33
MWC-22 8.800 7,040 to 10,560 .0004 to .004
MWC-24 2,400 1,920 to 2,880 .246
MWC-34 6,150 4,920 to 7,380 43 .0001 to .20
CFWC 1,550 1,240 to 1,860
•NOTE: Hydraulic Conductivity = K
and Bolke (1983) constructed a numerical model of the Spokane Aquifer, which is 
composed of sand and gravel sediments similar to those of the Missoula Aquifer. 
Their calibrated model resulted in hydraulic conductivity values w ith an upper range 
of approxim ately 10,000 ft/d a y  to 13,000 ft/day , which is in the range of values I 
estimated for the Missoula Aquifer. Hydraulic conductivity values reported for the 
alluvial sediments of the Umatilla Plateau area near the Columbia River range from 
13,300 f t/d a y  to 24,200 ft/d a y  (Davies-Smith, Bolke, and Collins, 1988). The Umatilla 
hydraulic conductivity values overlap the values I estimated for the Missoula Aquifer, 
w ith the highest values about 12 percent higher than my highest estimates (Table 3.1). 
Literature values of hydraulic conductivity reported by Fetter (1980) and Freeze and 
Cherry (1979) for coarse sand and gravels are also in the range of the values I 
estimated for the Missoula Aquifer (Table 3.2).
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Figure 3.10. Hydraulic conductivity values (ft/day) resulting from pum p tests 
(estimated to be w ithin 20% of true values).
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Attem pts to define specific yield from the aquifer test data resulted in values 
varying considerably depending on the curve matching techniques used. For 
example, using Theis curves or early time data for Boulton's curves typically resulted 
in specific yield values ranging from 0.0001 to 0.001, which is far too low for an 
unconfined sand and gravel aquifer. Using late time data for Boulton's curves 
resulted in  specific yield values ranging from 0.01 to 0.47, which is closer to expected 
values. In sum m ary, it does not appear feasible to use the project aquifer test data 
todeterm ine specific yield due to such an extreme range of resulting values and no 
means of assessing accuracy. In an attem pt to determine a realistic range of specific 
yield values, I referred to literature values for coarse sand and gravel aquifers, the 
results of which are also shown in Table 3.2.
Table 3.2






Johnson (1967) .22 to .25 - - -
Freeze & Cherry (1979) .lOto ,30 1,300 to 130,000
Fetter (1980) .12 to .21 130 to 13,000
Lohman (1983) .lOto .30 - - -
Hydrometrics (1984) .10 to .20 --------
Clark (1986) .115 1,400
Vaccaro & Bolke (1983) .16 to .20 10,000 to 13,000
Davies, Bolke & ColUns (1988) — 13,300 to 24,200
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Specific yield values reported by Vaccaro and Bolke (1983) for the Spokane 
Aquifer are in the range of 0.16 to 0.20. Given that both the Spokane and Missoula 
Aquifers are comprised of extremely coarse sand and gravel, have a related 
depositional history, and have similar hydraulic conductivities, I would assume that 
specific yields of the two aquifers would be similar. In addition, the hydraulic 
conductivity estimates from project aquifer tests are near the upper range of values 
reported in the literature. Therefore, it seems likely that values of specific yield 
would be near the upper range. Based on these comparisons, I assume that the 
specific yield of the Missoula Aquifer is in the range of 0.15 to 0.25. However, this is 
merely m y best estimate. As stated in Chapter I, the accuracy of Clark's value for 
specific yield is unknow n so I have not used it for this study.
AQUIFER RECHARGE AND DISCHARGE 
In this section, I quantify components of the ground w ater budget equation 
presented in Chapter II. Table 3.3 summarizes the inflows to and outflows from the 
aquifer along w ith the probable error and a subsequent range of values for each 
component. Each component is then discussed individually. The inflow to and 
outflow from the Clark Fork River is not quantified because of the lack of data. 
However, I estimate a range of possible recharge and discharge rates from the river 
based on the numerical model in Chapter IV.
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Table 3 3
Inflows To and Outflows From the Missoula Aquifer
Estimated Estimated Estimated Range
Value Possible o f  Values
Source Acre-FtA'r Eedk Acre-Ft/Y r
INFLOWS:
Leakage from Clark Fork River NA — - -
Underflow from Hell gate Canyon 17,000 ±30% 12,000-22,000
Inflow from Rattlesnake Creek drainage 4,850 ±40% 2,900 - 6,800
Inflow from Grant Creek drainage 4,900 ±20% 3,920 - 5,880
Inflow from La Valle and Butler Creek
drainage 1,630 ±20% 1,304- 1,956
Inflow from Fattee Creek drainage 2,450 ±20% 1,960 - 2,940
Underflow from Bitterroot Valley 11,000 ±20% 8,800 -13,200
Recharge from Irrigation 8,500 ±20% 6,800- 10,200
Recharge from Direct Precipitation 365 ±20% 292 - 438
Recharge from Adjacent Tertiary hills 11,850 ±60% 4,740- 18,900
Recharge from MWC line loss 14,460 ±10% 13,014- 15,906
OUTFLOWS:
Groundwater lost to the Clark Fork River NA - - - -
Groundwater lost to the Bitterroot River 70,850 ±30% 49,600-92,100
Discharge of wells 35,465 ±5% 33,690 - 37,340
Lateral outflow of Missoula aquifer 20,000 ±50% 10,000-30,000
I n f lo w s
Leakage from the Clark Fork River: As discussed in Chapter I, Woessner 
(1988) computed total recharge to the Missoula Aquifer from leakage of the Clark 
Fork River to be 412,700 acre-ft/yr based on the discharge data collected by Clark 
(1986). I concluded that using Clark's discharge data to quantify river leakage was 
statistically invalid. However, convincing evidence exists that the river loses water to 
the aquifer in the eastern portion of the study area. For example, the potentiometric 
surface m aps developed for this project indicate that the river is losing w ater in this 
area; also, both Peery (1988) and Pottinger (1988) required leakage from the Clark 
Fork River in their respective study areas in order to calibrate their flow models; 
W oessner (1988) showed that a four to six mile stretch of the river extending west
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from the m outh of Hellgate Canyon is losing w ater to the aquifer by comparing water 
table elevations to estimates of river stage; and chemistry data collected by Pottinger 
(1988) showed ground w ater samples collected from wells near the river had very 
similar chemistry to the river water itself.
All that can be determined using existing data is that the river does lose water 
to the aquifer in the eastern portion of the study area. As will be discussed in 
Chapter IV, I used the results of m y numerical flow model to estimate a range of 
recharge values from the Clark Fork River.
Underflow from Hellgate Canyon: I estimated ground w ater inflow through 
Hellgate Canyon using Darcy's Law as discussed in Chapter II. The cross sectional 
area of the aquifer in Hellgate Canyon w as estimated based on the 90 foot thickness 
of the aquifer as noted in the Cobblestone Condominium well, located about one-half 
mile east of the m outh of the canyon (Camp Well Drilling, 1978; see Appendix D), 
and by  extending the slope of the walls of the canyon dow n to the base of the aquifer.
Estimating a hydraulic conductivity of 4,920 to 7,380 ft/day , a cross-sectional 
area of about 73,000 ft ,̂ and a hydraulic gradient of about 0.0045, the underflow is 
estimated to be in the range of 12,000 to 22,000 acre-ft/yr.
The true rate of underflow no doubt changes throughout the year as the water 
table raises and lowers, thus increasing and decreasing the effective cross-sectional 
area and the hydraulic gradient.
Inflow from Rattlesnake Creek Drainage: To estimate inflow from the 
Rattlesnake Creek drainage, I again used Darcy's Law w ith a cross-sectional area of
72,000 ft^ and a gradient of 0.016. Hydraulic conductivity data is not available for the 
Rattlesnake drainage. However, based on m y assum ption that hydraulic conductivity 
values decrease w ith increasing distance from the Clark Fork River Valley, and the
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relatively high clay content and lower pum ping rates reported in well logs of two 
MWC wells drilled in the Rattlesnake drainage (MWC-13 and MWC-15), I estimated 
that average values were in the range of 300 ft/d ay  to 700 ft/day . This range of 
hydraulic conductivity values resembles those reported by Pottinger (1988) for the 
Grant Creek drainage. W ith these estimates, underflow was calculated to range from 
2,900 acre-ft/y r to 6,800 acre-ft/yr.
Inflow from Grant Creek Drainage: du Breiul (1983) estimated ground water 
recharge from the Grant Creek drainage at 4,900 acre-ft/yr.
Inflow from LaValle and Butler Creek Drainages: Neither LaValle or Butler 
Creek have been gaged. However, the size of the drainage is about one-third the size 
of Grant Creek drainage, therefore I assumed that the LaValle and Butler Creek 
drainages contribute about one-third the recharge that the Grant Creek drainage 
contributes, or about 1,630 acre-ft/yr.
Inflow from Fattee Creek Drainage: Because Fattee Creek drains 
approxim ately half the area Grant Creek drains (Geldon, 1979), I assumed that Fattee 
Creek contributes about half the recharge yielded by Grant Creek, about 2,450 acre- 
f t/  yr.
Underflow from the Bitterroot Valiev Aquifer: Darcy's Law was again used to 
estimate ground w ater inflow from the Bitterroot Valley aquifer. I assumed a 
hydraulic conductivity of 1,000 ft/day , a cross-sectional area of about 723,000 ft^ and 
a gradient of 0.0018, and calculated an underflow of about 11,000 acre-ft/yr, plus or 
m inus 20 percent.
Recharge from Irrigation: Geldon (1979) estimated seepage from irrigation 
ditches and recharge from areal irrigation to be a total of 8,500 acre-ft/yr for the 
Missoula area.
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Recharge from Direct Precipitation: It is believed that nearly all precipitation 
in the Missoula Valley is evapotranspired (Woessner, 1988). However, within the 
urban area of Missoula, a system of over 2,000 dry well storm drains concentrate 
some run o ff from precipitation. Wogsland (1988) estimated that 365 acre-ft of water 
are injected annually by these drains.
Recharge from Adjacent Tertiary Hills: The Rattlesnake Hills, composed of 
Tertiary sedim ents bound the aquifer to the north. Northern Engineering (1987) 
sum m arized hydrologie properties of the Tertiary sediments lying adjacent to the 
Missoula Aquifer. They measured hydraulic conductivity at an average of 2.8 ft/day  
using slug tests and observed a hydraulic gradient of 0.05. Assuming an average 
aquifer thickness of 65 feet and a boundary length of 8.3 miles, the cross sectional area 
of the boundary  is 2,850,000 ft .̂ Plugging these parameters into Darcy's Law yields a 
recharge of 3,340 acre-ft/y r through this northern boundary.
W oessner (1988) also estimated the recharge from the Rattlesnake Hills using 
Darcy's Law and Pottingeris (1988) estimate of aquifer properties along the northern 
edge of the valley. W oessner's recharge estimates for this northern boundary were 
13,400 acre-ft/yr, or about four times higher than m y estimates. I assume that the 
true value of recharge lies somewhere between m y estimate and W oessner's estimate.
The South Hills which bound a southern portion of the aquifer are also 
composed of Tertiary sediments. Assuming that the hydrologie properties of these 
sediments are sim ilar to the Rattlesnake Hills, recharge from this 3.4 mile boundary is 
estimated to range from 1,400 acre-ft/yr to 5,500 acre-ft/yr.
Recharge from Adjacent Precambrian Bedrock: The Precambrian bedrock 
w ithin the valley contains some w ater in fractures but otherwise is impermeable for
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practical purposes (Geldon, 1979; Clark, 1986). Recharge rates through the 
Precambrian have not been quantified in this study and are assumed to be zero.
M ountain W ater Company Line Loss: In 1986, line loss from the Mountain 
W ater Com pany system was estimated at 50% of total production. Thus, a recharge 
of about 14,460 acre-ft is estimated for the 1986 model year.
Outflows
Ground W ater Discharge into the Clark Fork River: The lower reach of the 
Clark Fork River w ithin the study area gains w ater from the Missoula Aquifer (Clark, 
1986; W oessner, 1988). However, as with the upper reach, return flow from aquifer to 
river cannot be determined from existing data. Results of the flow model are used to 
estimate this return flow in Chapter IV.
Ground W ater Discharge into the Bitterroot River: Bitterroot River flow rates 
were gaged at Buckhouse Bridge and at MacClay Bridge by  Clark in 1985 and 1986 
(Clark, 1986), and by the USGS in 1989 from July to October (Shields, 1989). A gain in 
streamflow w as m easured in all cases. The average value of streamflow gain in this 
reach was 110 cfs, or 79,500 acre-ft/yr. Assuming that streamflow gain in this reach is 
representative of the entire length of the Bitterroot River w ithin the study area, 1 
estimate that the Bitterroot River gains about 141,700 acre-ft/yr. Further assuming 
that about half of this gain is from the east side of the river, or the Missoula Aquifer, 
about 70,850 acre-ft/yr of ground w ater from the Missoula Aquifer is estimated to 
discharge to the Bitterroot River. Due to the m any assumptions made in these 
estimates, and the short periods of discharge data collected, 1 assume that the true 
value of ground w ater gained by the Bitterroot River in the study area could vary by 
at least 30 percent, o r from about 49,600 to 92,100 acre-ft/yr.
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Discharge of Wells: Detailed m onthly pum ping totals were available for 
M ountain W ater Com pany wells and Valley West W ater Com pany wells. Pum ping 
for other dom estic users was based on a daily average consumption of 600 gallons per 
household and a total of 2,187 households w ithin the study area supplied by private 
wells (Missoula City-County Health Department, 1987). Detailed pum ping records for 
M ountain W ater Com pany and Valley West W ater Com pany are presented in 
Appendix C along with the estimated pum ping rates for other domestic users.
The total ground w ater pum ped from the Missoula Aquifer is estimated at 
35,465 acre-ft/y r for the 1986 model year. This total includes independent commercial 
pum ping and pum ping for public land irrigation as reported by Geldon (1979). 
M ountain W ater Com pany wells accounted for about 82 percent of the total pum ping 
in 1986.
Evapotranspiration: Ground w ater discharged by évapotranspiration has not 
been addressed in this study. Evapotranspiration is probably an im portant source of 
aquifer discharge in riparian areas along streams (Woessner, 1988). However, these 
areas make up  a small portion of the study area.
Lateral Outflow from the Missoula Aquifer: Ground w ater flows laterally out 
of the western boundary of the study area. Estimating the value of this flow is very 
imprecise due to the lack of hydraulic conductivity data and sparse data regarding 
thickness of the aquifer. I estimated the average hydraulic conductivities in this area 
range from 300 to 700 ft/day , based on the assumption that conductivities decrease in 
the western portion of the study area because of a higher occurrence of Lake Missoula 
silts and clays and a general fining of sediments to the west. By assum ing an average 
aquifer thickness of 50 feet and a gradient of 0.0025 to 0.0035, the flow through this 
5.6 mile w ide portion of the aquifer would be about 10,000 to 30,000 acre-ft/yr.
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It should be noted that, based on well logs, the western portion of the aquifer 
appears to be at least partially confined. On a local scale, this portion of the aquifer 
likely behaves much more complexly than the simplification I have presented herein.
It follows that true values of lateral outflow may vary considerably from the above 
estimates.
CONCEPTUAL MODEL
My conceptual model of the eastern portion of the Missoula Aquifer does not 
differ greatly from that of Woessner (1988). The aquifer can generally be conceived as 
coarse alluvium occupying a basin trending southeast to northwest, w ith the 
surrounding highlands forming the lateral boundaries, as discussed in Chapter I and 
shown on Figures 1.1 and 1.3. Ground water generally flows east to west. Recharge 
to the aquifer is believed to be primarily from leakage out of the Clark Fork River in 
the eastern part of the study area and underflow from the adjoining drainage systems. 
Additional recharge comes from seepage through the surrounding Tertiary hills, 
irrigation return, leakage from water utility lines, and dry well storm water collectors. 
The aquifer is believed to discharge into the Bitterroot River and the western stretch 
of the Clark Fork River, and generally flow out the western portion of the study area 
as underflow. Additional discharge is by withdrawal from wells. Recharge and 
discharge w ere discussed in detail in the previous section.
On a regional scale, I conceptualized the Missoula Aquifer to behave as a one 
layer, two dimensional unconfined aquifer. This simplification is supported by the 
fact that over most of the study area the aquifer is predom inantly unconfined, and 
flow appears to be principally horizontal. High hydraulic conductivity layers which 
m ay occur w ithin the aquifer appear to be hydrologically well connected on a regional
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scale, as demonstrated by the project aquifer tests, and the cross-sections developed 
by Morgan (1986).
The aquifer is composed predominantly of coarse Quaternary sediments 
(Woessner, 1988; Clark, 1986; Morgan, 1986; McMurtrey and others, 1965) and is 
relatively thin, w ith saturated thickness averaging about 80 feet. The base of the 
aquifer is the contact between the Quaternary alluvium and the underlying Tertiary 
sediments, although the Six Mile Creek Formation which comprises the most recent 
Tertiary sediments may function as part of the aquifer in some areas (Woessner, 1988). 
The base of the aquifer is depicted in the isopach map presented in Figure 3.1.
In the eastern portion of the study area, the aquifer is composed of extremely 
coarse grained alluvium, and thus hydraulic conductivity values are extremely high 
(in the range of 5,00Q to over 20,000 ft/day) as demonstrated by project aquifer tests. 
Towards the western portion of the study area the alluvial sands and gravels appear 
to become finer and more lacustrian silts and clays are encountered which were 
deposited by  Glacial Lake Missoula. I believe that hydraulic conductivity values 
probably decrease to the west as the alluvial sediments become finer. I was not able 
to conduct aquifer tests in the western area to confirm this hypothesis; however, the 
following discussion illustrates a likely depositional scenario which would support 
this view.
The high hydraulic conductivities fit a model of the depositional history of the 
eastern portion of the aquifer. The deposits are a result of the tremendous energy 
expended from the m outh of Hellgate Canyon as the proto Clark Fork River 
catastrophically drained Glacial Lake Missoula periodically during the Wisconsin 
glacial period (Alden, 1953; Chambers, 1971). Glacial Lake Missoula was created from 
time to time when a sublobe of the Cordilleran ice sheet would block the Pacific-
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bound drainage near present Lake Pend Oreille, near the Idaho-Montana border. This 
"ice dam" would impound water up to 400 feet deep, filling the Missoula and 
branching valleys and thereby creating a huge lake up to 250 miles long. When the 
lake would reach a critical depth to provide sufficient hydrostatic force against the 
dam and bouyant uplift pressure, the dam would fail causing catastrophic draining of 
Glacial Lake Missoula (Alden, 1953; Chambers, 1971). As these flood waters drained 
through the constriction of Hellgate Canyon to the west, they reached extremely high 
velocities and discharge rates and, hence, attained the energy necessaty to transport 
and deposit the extremely coarse gravel and sands that today make up the eastern 
portion of the Missoula Aquifer.
It follows that as the flood waters exited the mouth of Hellgate Canyon and 
entered the Missoula Valley, their transportational energy would have gradually 
decreased, thus depositing progressively finer sediments to the west. It is likely that 
the hydraulic conductivity of the aquifer decreases somewhat towards the western 
portion of the study area, as indicated by a greater occurrence of Lake Missoula 
sediments and steeper ground water gradients.
As previously mentioned, data do not currently exist which allow 
quantification of recharge and discharge between the aquifer and the Clark Fork 
River. Therefore, the conceptualized recharge and discharge of the aquifer cannot be 
quantified at this point. However, I was able to use the numerical ground water flow 
model to estimate these quantities, and complete my conceptual model of the aquifer. 
My estimated recharge and discharge rates of the Clark Fork River along with a 
simplified ground water budget for the entire aquifer system are presented at the 
conclusion of the following Chapter which describes the construction, calibration, and 
results of the numerical flow model.
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CHAPTER IV: NUMERICAL GROUND WATER FLOW MODEL
This chapter presents the results of my steady state and transient numerical 
ground w ater flow model of the Missoula Aquifer. The flow model allowed me to 
synthesize all of the information gathered thus far. For example, the distribution of 
hydraulic conductivity, elevation of the aquifer bottom, lateral boundaries of the 
aquifer, and recharge and discharge relationships all had to mesh in order for the 
model to calibrate. Running the model over a one year period in a transient manner 
provided an additional means to refine this synthesis, as the model would have to 
respond to changes in recharge and discharge in a similar manner as the true aquifer 
in order to achieve model calibration.
The goal of the modeling effort was to refine the conceptual model of the 
aquifer by estimating an approximate ground water budget and distribution of aquifer 
properties. An additional goal was to develop a model which could be used as an 
aquifer management tool and as a starting point for future ground water flow path 
modeling and possibly contaminant transport modeling.
The first section details the physical construction of the model; section two 
presents model calibration methods and results; section three presents a sensitivity 
analysis on model parameters; section four presents verification results where I ran 
the model from February 1, 1989 to September 1, 1989 to determine if the model, 
which was calibrated using the 1986 model year data set, was capable of simulating 
time periods other than the period for which it was calibrated. The final section
57
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presents a discussion of the numerical flow model which includes: 1) an estimated 
ground w ater budget, which was necessary to complete the conceptual model of the 
aquifer presented in Chapter III; 2) the results of applying the model to investigate the 
possible causes of the apparent decline in water levels since 1983 and the potential 
effects of drastically increasing the present rates of withdrawal; and 3) a discussion of 
the capabilities and limitations of the model.
MODEL CONSTRUCTION
To construct the model, 1 used the USGS three-dimensional ground water flow 
model (MODFLOW) because of its versatility, portability (it runs on a wide range of 
computers), excellent documentation, and past success of other workers in applying it 
to regional aquifer studies (McDonald and Harbaugh, 1988).
In accordance w ith m y conceptual model, I represented the Missoula Aquifer 
as a one-layer unconfined system.
Model Grid
MODFLOW uses a block-centered grid system, where head is simulated for the 
point in the center of a grid rectangle. For this project 1 used a grid spacing of 660 
feet (1 /8  mile) for both the X and Y axis, w ith the Y axis oriented to geographic north. 
Thus, a 56 by  68 node grid was used to cover the study area (Figure 4.1 and Plate 1).
Aquifer Geometry and Boundary Conditions
The Missoula Aquifer is bounded to the north by the Rattlesnake Hills, to the 
east by M ount Sentinel, to the southeast by the South Hills, and to the southwest by 
the foothills of Blue Mountain. These boundaries are represented by no-flow cells.
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Figure 4.1. Model grid and boundaries.
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and are shown schematically in Figure 4.1. This assignment of boundaries resulted in 
a total of 2,460 active model nodes.
Since I modeled the aquifer as an unconfined system, it was necessary to input 
depth to the bottom of the aquifer. The model then calculates saturated thickness at 
each cell during each iteration of the model run. The aquifer depth I used was a 
digitized interpretation of Figure 3.8, in which a depth to the base of the aquifer is 
assigned to each active cell of the 56 by 68 grid. A printout of this aquifer depth 
array is shown in Appendix F, which presents the model input files.
In addition to the lateral no-flow boundaries, specified head and specified flow 
boundaries were used in the model. Specified head cells were modeled using the 
General Head Boundary package of MODFLOW, with the conductance set to
1,000,000 feet/day, which reproduced a specified head. Specified flow cells were 
modeled using the Well package of MODFLOW. Actual model input is shown in 
Appendix F.
The Bitterroot River, which gains water from the aquifer (Clark, 1986; Shields, 
1989) was modeled as a specified head boundary. The location of the Bitterroot River, 
as represented by  the model grid, is shown in Figure 4.1. A specified water level 
(head) was assigned to each cell representing the river stage. To determine the stage 
at which to set the Bitterroot River, I used the relationship of the river stage at 
Buckhouse Bridge to the water level in nearby well MV-39 taken from the data of 
Clark (1986). This relationship, where Clark measured w ater levels in MV-39 and 
river stage at the bridge, consistently resulted in the river stage 2.3 feet lower than the 
w ater level in well MV-39. Therefore, I used the monthly water level measurements 
taken in well MV-39 to set the stage of the river at Buckhouse Bridge and used the
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observed gradient of the river to assign the stage at cells downstream and upstream 
from the bridge.
The Bitterroot Valley entrance on the southside of the study area was also 
represented as a specified head boundary. This allowed underflow from the 
Bitterroot Valley to enter the Missoula Aquifer.
Lateral outflow to the west from the Missoula Aquifer was also simulated by 
the use of specified head cells, because the water table position was the best known 
param eter in this area.
Specified flow cells were used to represent underflow from the Hellgate 
Canyon, Rattlesnake Creek drainage. Grant Creek drainage, LaValle and Butler 
Creek drainage, and Pattee Creek drainage. These boundaries were modeled by 
"injection wells" which inject a specified flow of water into the aquifer at the specified 
cell. Quantities of water injected to simulate these boundaries were taken directly 
from Table 3.3. No adjustments were made on these boundaries during steady state 
calibration.
Specified flow cells were also used to represent recharge from the Tertiary 
sediments along the foot of the Rattlesnake Hills and the South Hills.
The locations of all specified head cells and specified flow cells are shown on 
Figure 4.1.
A quifer Stresses
Two principal external stresses to the aquifer were simulated: 1) the 
interaction of the Clark Fork River with the aquifer; and 2) withdrawal from wells 
w ithin the aquifer.
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The Clark Fork River was modeled using the River package (version 1) of 
MODFLOW. The location of the river as represented by the model is shown in Figure
4.1. The bottom of the river was set for each cell by elevations taken from USGS 
topographic maps (1:24,000). River stage for each cell was set using data collected by 
Clark (1986). Initial conductance of the river bottom was calculated from the formula:
CRIV = ORIV (From McDonald and Harbaugh, 1984)
(HRIV-RBOT)
where; CRIV = Hydraulic conductance of the river bottom
QRIV = Flow rate between the stream and the aquifer
HRIV = River Stage
RBOT = River bottom elevation
CRIV was adjusted to calibrate the model to steady state conditions. During 
transient calibration, HRIV was adjusted to represent the changing stage of the river 
over time. The River package input files used in the model are presented in 
Appendix F.
W ithdrawal from wells within the aquifer were modeled using the Well 
package of MODFLOW. Monthly discharge of all wells accounted for in this study 
are presented in Appendix C. The locations of all discharging wells and well fields 
input to the model are shown on Plate 2.
Hydraulic Properties
The two hydraulic properties of the aquifer material which were used in the 
model were: 1) hydraulic conductivity, and 2) specific yield.
The hydraulic conductivity distribution was based on the project aquifer tests 
in the vicinity of the tests. Along the northern boundary of the aquifer, in the area
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where Grant Creek flows into the valley and continuing south to the Clark Fork River, 
the values and distribution trends of hydraulic conductivity which Pottinger (1988) 
derived from his numerical model were used. In the western portion of the study 
area, where no aquifer tests had been performed, the trend of decreasing hydraulic 
conductivity values to the west, as proposed in my conceptual model presented in 
Chapter III, was used to assign initial values of hydraulic conductivity during the 
model calibration process. The calibrated hydraulic conductivity distribution used in 
the model is presented in the next section, and in the model input files presented in 
Appendix P.
I used an initial value of specific yield of 0.2 based on my literature research 
reported in Chapter III.
MODEL CALIBRATION
I calibrated the steady state and transient flow models by adjusting aquifer 
parameters to match observed water levels on a monthly basis for the 1986 model 
year. I also calibrated the model to match the length of the losing stretch of the Clark 
Fork River as observed in the potentiometric surface plots (Chapter III and Appendix A).
Steady State Calibration
The steady state model was calibrated to February 1, 1986. There is probably 
no time when the aquifer is in a true steady state. However, based on the water level 
data, the aquifer typically appears most stable in February as external stresses such as 
inflow from the Clark Fork River, inflow from creek drainages, and pum ping from 
wells have been relatively constant for two to three months.
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Model Results for Steady State Simulation: The closeness of fit of the steady 
state simulation was evaluated by comparison of the observed and simulated 
potentiometric surfaces for February, 1986.
During the calibration process, I configured the model to output potentiometric 
surface plots of the same scale and contour interval as the potentiometric surface plots 
interpolated from the measured water level data (Chapter III and Appendix A). Once 
the simulated potentiometric surfaces plots agreed closely with the observed plots, I 
began calibrating to the w ater levels observed in fifteen wells located throughout the 
study area. To compare the water levels observed in these wells to the model 
simulated w ater levels, I used the mean absolute error (MAE);
Y )  Diff I /N  = MAE
w h e r e ; D i f f  | = the sum of the absolute value of the differences 
between observed and simulated values.
N  = the num ber of data points (wells) evaluated.
For the steady state model, final calibration resulted in a mean absolute error of 0.46
feet, indicating that the water levels of all cells within the model are on the average
within +0.46 feet of true water levels. Considering that the observed potentiometric
surface is estimated to be accurate within +0.44 feet (Chapter III), a mean absolute
error of +0.46 feet for the model simulation is close to the accuracy of the data and is
satisfactory. The resulting simulated potentiometric surface is shown in Figure 4.2
along with the observed potentiometric surface.
Table 4.1 shows the fifteen wells which were used in this comparison, the 
observed w ater levels, the simulated water levels, and the differences. The locations 
of the wells are shown in Figure 4.3. Since the locations of the wells used in the
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Figure 4.2. Observed and model simulated potentiometric surface for calibrated 
steady state model.
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Table 4.1
Statistical Comparison of Measured vs. Simulated 






MWC-28 3149 .6 3149.6 -0.1
MV-38 3101.1 3101.3 +0.2
MWC-27 3130 .0 3129.2 -0.8
MV-37 3134 .5 3134.9 +0.4
MWC-35 3130 .0 3129.6 -0.4
MWC-20 3135.4 3136.4 + 1.0
MWC-19 3138.1 3138.5 +0.4
MV-31 3132.4 3133.6 +1.2
MWC-22 3141.0 3141.0 0
MWC-36 3140.5 3140.7 +0.2
MV-35 3141.5 3141.8 +0.3
MWC-31 3146.5 3146.2 -0 .3
MWC-21 3136.5 3137.5 +1.0
MWC-32 3147.5 3147.0 -0 .5
MV-34 3149.3 3149.4 +0.1
Sum of 1 Differences | = 6.9 ft 
Average Absolute Error = +0.46 ft
comparison often do not occupy the center of a model cell (which is where simulated 
water levels are located), the simulated water levels were adjusted for location 
differences using a linear correction based on observed water level gradients.
Model parameters adjusted during steady state calibration included hydraulic 
conductivity and river bottom conductance and are discussed in the following 
paragraphs.
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Figure 4.3. Locations of wells used in statistical comparison of observed water levels 
to model simulated water levels.
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Hydraulic Conductivity: To simulate the observed potentiometric surface, 
hydraulic conductivity was a key param eter that was adjusted. In areas in which 
aquifer tests were conducted, I did not adjust hydraulic conductivity values 
significantly. However, in areas where no hydraulic conductivity data were available,
I adjusted values considerably. Using the final hydraulic conductivity configuration, 
(Figure 4.4), I was able to match the observed potentiometric surface quite closely 
(Figure 4.2).
I compared my model-calibrated hydraulic conductivity distribution to that 
which Peery (1988) and Pottinger (1988) arrived at. Peery's hydraulic conductivity 
values ranged from 130 ft/d ay  to 9,300 ft/d ay  within his model area, with most of his 
area assigned a value of 1,300 ft/day . Peery's model area covers a rectangle of about 
3/4-mile (north-south) by 1-1/4 mile (east-west) centered approximately on Well 
MWC-22 (Figure 3.10) and lies entirely within the zone which I assigned a hydraulic 
conductivity of 9,000 ft/day. Since I, unlike Peery, had conducted an aquifer test in 
this area and achieved model calibration using the test results, I believe a hydraulic 
conductivity of 9,000 ft/d ay  is more representative of the true value than Peer)/s 
estimates.
Pottinger's model area covers approximately the northwest quadrant of my 
model area. Pottinger's calibrated values of hydraulic conductivity ranged from 1,400 
ft/d ay  in the interior of the valley to 100 ft/d ay  along the base of the Rattlesnake 
Hills to the north. My values of hydraulic conductivity generally agree with 
Pottinger's, with the exception of the area near the Clark Fork River, where my values 
range from 3,000 to 9,000 ft/d a y  compared to Pottingeris 1,400 ft/day.
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Figure 4.4. Model Calibrated Hydraulic Conductivity in feet/day.
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River Bottom Conductance: River bottom conductance as input into the River 
package of MODFLOW is dependent on leakage rate and depth of the river (or river 
stage - w ater level in aquifer). Since leakage rates of the Clark Fork were in essence 
unknown going into the modeling effort, I adjusted river bottom conductance 
extensively to achieve model calibration. The final conductance I arrived at was
100,000 ft^/day for the entire Clark Fork River with the exception of the first 5 /8  mile 
of the river flowing west from Hellgate Canyon. In this most easterly stretch of the 
river, I used a conductance of 170,000 ft^/day for the first 3 /8  mile, and 160,000 
ft^/day for the next 1 /4  mile. The increased conductance near the mouth of Hellgate 
Canyon facilitated model simulation of the steeper water table gradients observed in 
this area. Using these conductance values a leakage rate of 183,400 acre-ft/yr from 
the Clark Fork River was simulated by the model under steady state conditions for 
February 1, 1986. It should be noted that this combination of river bottom 
conductances and river leakage is not a unique solution. For example, it may be 
possible to simulate the higher water table gradients observed near the mouth of 
Hellgate Canyon by keeping the river bottom conductance a uniform of 100,000 
ft^/day in this area, and increasing the amount of underflow through Hellgate 
Canyon.
I compared the river leakage rates produced by my model to those which 
Peery (1988) and Pottinger (1988) arrived at in their modeling efforts and to the values 
calculated by Woessner (1988) using Clark's (1986) data. Peery calculated a model 
leakage rate of 1,127,000 ft^/day from the reach of the Clark Fork River in his model 
area. In the same reach, my model produced a leakage rate of about 5,000,000 
ft^/day, or about 4-1/2 times more leakage than Peery's model. Considering that the
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values of hydraulic conductivity used to calibrate my model are considerably higher 
than those Peeiy used in the same area, it is not surprising that m y model needs 
higher leakage rates from the river to simulate the measured water table surface.
I could not make a comparison with Pottinger's model because Pottinger used 
the Clark Fork River as the southern boundary to his model and assigned it a 
constant head. From the data which Pottinger presents, leakage rates for specific 
stretches of the river cannot be determined.
Woessneris calculated leakage rate of 412,700 acre-ft/yr is about 2-1/4 times 
higher than my modeled value of 183,400 acre-ft/yr. However, as pointed out in 
Chapter I, Woessneris calculations were based on Clark's (1986) measurements which 
I believe are statistically invalid.
In calibrating the model to steady state, 1 tried to match the modeled length of 
the losing reach of the Clark Fork River to that indicated by the measured 
potentiometric surface (Figure 4.2) and estimated by Woessner (1988). The model 
produced leakage from the 4-1/2 mile length of the river extending west from the 
m outh of Hellgate Canyon, which corresponds almost exactly to the losing stretch 
indicated by the measured potentiometric surface. Woessner (1988) estimated the 
leaking stretch to vary from 4 to 6 miles, which also corresponds to the modeled 
losing stretch.
Transient Model Calibration
The transient model was calibrated for the period February 1, 1986 to January 
1, 1987. Since changes in storage are accounted for during transient simulations, it 
was necessary to include specific yield as input to the model. The transient model
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was calibrated to the observed potentiometric surface on a m onthly basis. Mean 
absolute error of simulated water levels was calculated by comparing simulated to 
measured w ater levels at the fifteen well locations used for steady state calibration 
plus one additional well location (MV-39).
The specified head boundaries (Bitterroot River, Bitterroot Valley, and the 
western edge of the study area) were reset for each month of the modeled period to 
reflect changes in river stage and water table elevation. W ithdrawal rates from 
Mountain W ater Company wells were reset for each month according to monthly 
pum ping records (Appendix C). Recharge from the adjacent Tertiary Hills and the 
creek drainages was not adjusted from the steady state values, w ith the exception of 
La Valle and Butler Creek drainage which was adjusted so that simulated water levels 
agreed w ith measured water levels.
The stage of the Clark Fork River was the principle param eter adjusted to 
achieve transient calibration. Hydraulic conductivity values and aquifer geometry 
were not changed from steady state values.
Model Results for Transient Simulation: The mean absolute error (MAE) for 
each m onth in the modeled period resulted in a yearly averaged MAE of +0.70 feet 
(Table 4.2). Hydrographs which compare observed water levels to simulated water 
levels show that the model generally simulates the high water levels of spring and 
early summer, and the low levels of fall and w inter (Figures 4.5 to 4.8). The locations 
of the wells which are presented in the hydrographs are shown in Figure 4.3.
The low mean absolute errors and the close correspondence between simulated 
and observed well hydrographs illustrate that the model simulates the observed water 
levels quite closely throughout the year, with simulation less accurate in late spring
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Table 4.2
















Total = 8.42 ft 
Yearly Average = 0.70 ft
and summer. During this time water levels change rapidly, but the model responds 
sluggishly because it^  input is averaged for each month. Later in the fall and into 
winter, observed water levels are simulated more closely. More accuracy could likely 
be obtained by running the model using shorter stress periods than one month. 
However, shorter stress periods would greatly increase the data input, the computer 
run time, and the amount of data output. Nonetheless, the average yearly mean 
absolute error of +0.70 feet for the transient simulation based on monthly averages 
appears quite acceptable, considering that the measured w ater table surface is 
estimated to be accurate w ith iO.44 feet.
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Figure 4.5. Well hydrographs showing observed water levels and model simulated 
w ater levels.
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Figure 4.6. Well hydrographs showing observed water levels and model simulated 
w ater levels.
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Figure 4.7. Well hydrographs showing observed water levels and model simulated 
w ater levels.
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Figure 4.8. Well hydrographs showing observed water levels and model simulated 
w ater levels.
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The quantity of leakage from the Clark Fork River simulated by the transient 
model is shown in Figure 4.9, along w ith monthly discharges of the river averaged to 
the beginning of each month. Figure 4.10 shows the same quantity of leakage from 
the Clark Fork River compared to river stage. From examination of these two figures 
it is apparent that leakage from the Clark Fork River is controlled principally by stage 
of the river, which Is in turn a logarithmic function of discharge. Indeed, a linear 
relationship between river stage and river leakage would be expected if the level of 
the aquifer is below the bottom elevation of the river bed over most of the losing 
reach, as indicated by the potentiometric surface maps and aquifer tests. Based on the 
model results, no evidence was found to confirm Clark's (1986) hypothesis that 
leakage rates are controlled by seasonal changes in the permeability of the river bed.
Over the coarse of the year, the model simulated a losing stretch varying from 
4-1 /2  miles long from February through April, to 4 miles long from June through 
September, and then back up to 4-1/2 miles the following December. This 
corresponds quite closely with the small change in the length of the losing stretch 
indicated by  the monthly potentiometric maps (Appendix A.3) and also falls within 
the range of four to six miles estimated by Woessner (1988), who also noted the same 
seasonal trend as shown in Figure 4.11.
SENSITIVITY ANALYSIS
The purpose of sensitivity analysis is to determine to w hat degree model 
calibration is affected by  varying each param eter over its probable range of values. 
From sensitivity analysis, the factors which have the greatest or least effect on the 
system can be determined.
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Figure 4.9. Discharge of the Clark Fork River averaged to the first of each month and 
model simulated leakage from the river.
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Figure 4.10. Model simulated leakage from the Clark Fork River and river stage at 
University W alking Bridge near the m outh of Hellgate Canyon.
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Figure 4.11. Seasonal change in length of losing reach of Clark Fork River as 
determined by W oessner (1988) and simulated by the flow model.
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The technique of sensitivity analysis that I used was to uniformly vary an 
input parameter, run the model, and observe the difference between observed and 
simulated head values. This technique is commonly used in modeling efforts as 
reported by Danskin (1988) and Franks (1988). The input parameters which I varied 
during sensitivity analysis were: 1) hydraulic conductivity; 2) bottom elevation of the 
aquifer; 3) river bottom conductance (Clark Fork River); 4) river stage (Clark Fork 
River); 5) river stage (Bitterroot River); 6) Mountain W ater Company well withdrawal; 
and 7) specific yield. The analysis was performed during steady state at first, and 
then for transient conditions, to test the sensitivity of specific yield, and to provide a 
check for the steady state analysis. The range over which each input parameter was 
varied is shown in Table 4.3.
Table 43
Variation of Input Parameters for 
Sensitivity Analysis
In p u t Parameter Variation
Hydraulic Conductivity 
Bottom Elevation of Aquifer 
River Bottom Conductance 
MWC Well Withdrawal 
Specified Yield 
River Stage (Clark Fork River) 
River Stage (Bitterroot River)
-20, -10, -5, 0, +5, +10, +20 percent 
-20, -10, -5, 0, +5, +10, +20 percent 
-20, -10. -5, 0, +5, +10, +20 percent 
-100, -50, -25, 0, +25, +50, +100 percent 
-50, -2 5 ,0 , +25, +50 percent 
-.4, -.2, .1, 0, +.1, +.2, +.4 feet 
-.4, -.2, -.1, 0, +.1, +.2, +.4 feet
Results of these sensitivity runs are shown by graphing the average absolute 
error, defined as the difference between observed and simulated water levels, versus 
the percentage change in simulated parameters (change in feet of elevation for river 
stage). These results are shown in Figure 4.12.
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The rate of withdrawal from M ountain W ater Company wells is a known 
param eter and is not a source of error in the model. W ithdrawal rates were varied 
during sensitivity analysis to evaluate the effects of different withdrawal rates on 
water levels. Variation in stage of the Bitterroot River had little impact on simulated 
w ater levels. Changes in specific yield had virtually no effect. The parameters which 
the model is most sensitive to, over the range of possible error of the parameters, are 
hydraulic conductivity and conductance of the bottom of the Clark Fork River. The 
model is moderately sensitive to variation in the bottom elevation of the aquifer and 
stage of the Clark Fork River.
MODEL VERIFICATION
In an attem pt to verify the calibration of the model, I ran the model from 
February 1, 1989 to September 1, 1989, and compared simulated water levels to 
measured w ater levels. I chose this period because flows in the Clark Fork River 
were the highest measured since 1984 (USGS, 1989) and w ater levels in wells were 
correspondingly higher (Appendix A). The degree to which the model simulated 
measured w ater levels for time periods other than the time period used for calibration 
would assist in evaluating the accuracy and suitability of the model for use a 
predictive tool.
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Figure 4.12. Relationship between average absolute error of simulated and observed 
w ater levels to variation of input parameters.
NOTE: River stage was varied as feet in elevation, for which a separate x-axis is 
shown across the top of the graph.
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M odel Verification Set-up
To run the model for the spring and sum m er of 1989, I adjusted the stage of 
the Clark Fork and Bitterroot Rivers in my model input files to correspond to the 
flows observed for this time period. I also adjusted the withdrawal rates of all MWC 
wells to match the recorded withdrawal rates. All other parameters and stresses were 
left unchanged from the calibrated transient model. To determine the appropriate 
stage of the Clark Fork River corresponding to the flow rates measured by the USGS 
at the Above Missoula gaging station, I developed a table showing the stage in the 
river from m y calibrated transient model and measured flow rates for the same time 
period averaged to the first of every m onth (Table 4.4). I then used the table to 
determine the model river stage at the m outh of Hellgate Canyon for the period
Table 4.4
1986 Calibrated Model River Stage at the Mouth of Hellgate
Canyon and Flow Rate of the Clark Fork River Measured
at the Above Missoula Gaging Station and Averaged
to the First of Each Month
Measured Flow Rate (cfe) Modeled Stage (ft)
Pate (Above Missoula Gaging Stationl fMouth of Hellgate Canyon^
February 1,1986 1,824 3 ,180.00
March 1, 1986 3,190 3 ,180,00
Aprü 1,1986 4,514 3 ,180.20
May 1,1986 5,656 3 ,181.10
June 1,1986 6,291 3 ,182.10
July 1,1986 4,172 3 ,182.00
August 1,1986 1,647 3 ,180.70
September 1 ,1986 1,386 3 ,180.05
October 1,1986 1,630 3 ,180.10
November 1 ,1986 1,589 3 ,179.60
December 1,1986 1,444 3 , 179.00
January 1,1987 1,209 3 ,179.00
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February 1, 1989 to September 1, 1989, based on the measured flow rates for the same 
time period. The stage of the river downstream from Hellgate Canyon was then set 
by applying the same river gradient as in the calibrated model. The resulting values 
of river stage at the m outh of Hellgate Canyon which I used for the 1989 run are 
shown in Table 4.5 along w ith measured flow rates at the Above Missoula gaging 
station averaged to the first of every month.
Table 4.5
1989 Modeled River Stage at the Mouth of Hellgate Canyon and 
Flow Rate of the Clark Fork River Measured at the Above Missoula 
Gaging Station and Averaged to the First of Each Month
Measured Flow Rate (cfs) Modeled Stage (ft)
Djate f Above Missoula Gaping Stationl (Mouth of Hellgate
February 1,1989 1,409 3,179.00
March 1,1989 1,804 3,179.80
April 1,1989 3,798 3,180.12
May 1,1989 6,898 3,182.10
June 1,1989 7,057 3,182.20
July 1 ,1989 4,127 3,182.00
August 1, 1989 1,920 3,180.50
September 1 ,1989 1,611 3,179.76
M onthly w ater level data for MV-39 for the spring and sum m er of 1989 were 
used to set the model stage of the Bitterroot River at Buckhouse Bridge by subtracting 
2.3 feet from well MV-39 measurements, just as I had done for the 1986 model year. 
The stage of the Bitterroot River downstream and upstream  of Buckhouse Bridge was 
then set by applying the same gradient as in the calibrated model.
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As stated previously, I reset the withdrawal rates of all MWC wells to 
correspond to the m onthly withdrawal totals for each well as recorded by Mountain 
W ater Com pany (Appendix C).
M odel Verification Results
The first model run for the period February 1,1989 to September 1, 1989 
resulted in simulated w ater levels in the eastern portion of the study area 2 to 3 feet 
higher than measured w ater levels for February through May, while simulating quite 
closely for June th r o u ^  September. I noticed that the fall and w inter months leading 
up to February, 1989 saw extremely low flows in the Clark Fork River (Appendix B) 
and correspondingly depressed water levels in wells (Appendix A). It appeared that 
a possible reason for the high water levels in the first simulation could be that the 
model was not initialized with the depressed water table elevations existing at that 
time. Therefore, I ran the model a second time, including the m onth of January, 1989 
with all other stress periods unchanged. For the month of January, 1989,1 used a 
river stage of 3,178.2 feet at the mouth of Hellgate Canyon which corresponded to a 
flow rate of 1,149 cfs measured at the Above Missoula gaging station and averaged to 
the first of the month.
The second model run which included January, 1989 simulated water levels 
much closer to the measured water levels than the first run did. Results of the mean 
absolute error in simulated versus measured water levels for the months February, 
1989 through September, 1989 are presented in Table 4.6. Simulated versus measured 
results are not shown for January, 1989 because no water level measurements were 
taken in most of the project wells during that time.
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Table 4.6
Mean Absolute Error (feet) for Transient Simulation 
February, 1989 through September, 1989









Total = 11.51ft. 
Average for period = 1.44 ft.
Representative hydro graphs which compare simulated to measured water levels are 
shown in Figures 4.13 and 4.14. The hydrographs show that the model produced a 
rise in the w ater table about a month too soon. However, by  June, 1989, the model 
simulated the measured water levels quite closely.
DISCUSSION OF NUMERICAL FLOW MODEL 
This section first presents a simplified ground water budget of the Missoula 
Aquifer based on results of the numerical model, thereby completing the conceptual 
model of the aquifer. Next, the results of applying the model to investigate the
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Figure 4.13. Well hydrographs showing observed water levels and model simulated 
w ater levels for MV-34 and MV-35 during verification run.
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Figure 4.14. Well hydrographs showing observed water levels and model simulated 
w ater levels for MV-37 and MV-39 during verification run.
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possible causes of the apparent decline in w ater levels since 1983, and the potential 
effects of increasing the present rates of withdrawal from the aquifer by 100 percent 
are presented. The section concludes w ith a discussion of capabilities and limitations 
of the numerical model.
Ground W ater Budget
The model generated inflows and outflows for model year 1986 were used to 
develop a simplified ground w ater budget, presented in Table 4.7.
Table 4.7
Simplified Ground Water Budget
Based on Transient Simulation
Percent
Inflows Acre-Ft/Yr o f Total
Clark Fork River 192,000 .83
Creek Drainages and Tertiary Hillsides 19,000 .08




Clark Fork River 66,000 .29
Bitterroot River 78,000 .34
Wells 30,000 .13
Lateral Outflow (west boundary) 57,000 .24
TOTAL: 231,000
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As discussed in Chapters II and III, inflow from the Clark Fork River to the aquifer 
could not be determined from existing data. Therefore, the only means available to 
evaluate the possible error in the model simulated leakage from the river was to use 
the model itself. The technique I used to quantify this error was to set all model 
input parameters to the maximum of their probable range, so as to simulate the 
lowest possible w ater level. Conductance of the Clark Fork River bottom was then 
increased to allow m ore leakage, until water levels raised to near the observed levels. 
This technique resulted in a maximum probable leakage from the river of 255,000 
acre-ft/yr. In conducting these simulations, I increased hydraulic conductivity 20 
percent over calibrated values and lowered the bottom of the aquifer 20 percent.
This technique was then reversed to estimate the minimum probable leakage 
from the river. I decreased hydraulic conductivity 20 percent from calibrated values 
and raised the bottom of the aquifer 20 percent to simulate the highest possible water 
levels. Conductance of the Clark Fork River bottom was then decreased until water 
levels decreased to near observed levels. The resulting minimum probable leakage 
from the river was 132,000 acre-ft/yr.
Based on this technique of error analysis, the model simulates an average 
yearly inflow to the aquifer from the Clark Fork River ranging from 132,000 to 255,000 
acre-ft/yr, or 192,000 acre-ft/yr +32 percent.
This range in possible leakage rates from the Clark Fork River is quite broad, 
but is the best to date. It is clear that further research of the Missoula aquifer on a 
regional scale, or from a water resource view, should focus on quantifying interaction 
of the river with the aquifer.
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Model Application
To illustrate potential model applications, I evaluated the possible causes of the 
apparent decline in w ater levels since 1983, a period when M ountain W ater Company 
nearly doubled their ground w ater withdrawals and a period of below average flows 
in the Clark Fork River began. Based on the hydrographs presented in Figures 3.6 to 
3.8, the apparent decline averaged about 1.5 to 2 feet throughout the eastern portion 
of the study area. Based on results of the sensitivity analysis, when withdrawal from 
MWC wells was decreased by 50 percent (approximating pre-1983 withdrawal rates), 
an average increase in w ater levels of about 1-1/4 feet in the eastern portion of the 
study area was simulated. Also from the sensitivity analysis, a decrease in stage of
0.2 feet in the Clark Fork River (approximating below average flows) resulted in an 
average decrease in w ater levels of about 1 /2  foot in model simulations. This 
indicates that the apparent lowering of water levels since 1983 resulted from a 
combination of increased pumping, having the greater effect, and lower than normal 
flows in the Clark Fork River.
I also used results of the sensitivity analysis to estimate possible effects of 
increasing present rates of withdrawal from the aquifer by 100 percent, which could 
occur were the present population of Missoula to double. The results indicate that an 
additional tw o feet of average water table lowering could be expected in the eastern, 
or urban portion of the study area.
Model Capabilities and Limitations
The numerical ground water flow model calibrates quite closely with observed 
potentiometric surfaces, as illustrated earlier in this chapter. However, the physical
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parameters, aquifer geometry, recharges to, and discharges from the aquifer which are 
input to the model are not a unique solution. Combinations of these parameters 
different from those which were input into tiiis model m ay simulate very similar 
potentiometric surfaces.
The m ost unknown input param eter to this model was leakage from the Clark 
Fork River. A detailed study to quantify the interaction of the river with the Missoula 
aquifer could greatly increase the accuracy of this flow model and our knowledge of 
the aquifer.
In addition, underflow through Hellgate Canyon is a poorly understood model 
boundary. Additional w ater level data in this area, aquifer tests to determine 
hydraulic conductivity, and a more accurate description of the geometry of this 
portion of the aquifer would permit m uch more accurate estimations of flow into the 
aquifer through this boundary.
Ground w ater lost to évapotranspiration was not accounted for in this model 
because, over much of the area, water levels are more than 10 feet below the ground 
surface. However, in the western portion of the study area, near the Clark Fork River 
and along the entire length of the Bitterroot River, water levels are so near the surface 
(as indicated by riparian vegetation) that évapotranspiration definitely occurs. An 
investigation which quantified évapotranspiration in these areas would improve our 
knowledge of the ways in which water exits the ground w ater flow system, and thus 
would improve our knowledge of the ground w ater budget. As previously pointed 
out, hydraulic conductivity estimate in the western portion of the study area are poor. 
The modeled hydraulic conductivity distribution in this area is the result of trial and 
error model calibration. Additional aquifer tests in this area would increase
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our understanding of the distribution of hydraulic conductivity throughout the 
aquifer, and would allow for construction of a more accurate flow model.
One of the most limiting drawbacks of this model is that it does not account 
for vertical flow. Vertical flow could be simulated by  using multiple layers to 
represent the aquifer, thereby creating a three dimensional model. The three 
stratigraphie units that comprise the aquifer, as defined by Woessner (1988), could 
then be simulated. The use of a finer model grid would also provide more accuracy, 
as the accuracy of model boundaries, aquifer geometry, and representation of external 
stresses are directly limited by the size of the grid.
Based on calibration and verification results, the model appears capable of 
performing in a predictive manner within certain limitations, which are:
1. The model seems to simulate the results of changing stresses within acceptable 
limits on a yearly or seasonal basis. However, the verification run resulted in 
seasonal w ater level changes simulated by the model in a smoother, more 
dam pened m anner than the measured water level changes, as indicated in 
Figures 4.13 and 4.14. The fact that the flow rates of the Clark Fork River and 
withdrawal rates from wells are input to the model as monthly averages likely 
accounts for this dampening effect.
2. The model is quite sensitive to the bottom conductance and stage of the Clark 
Fork River. In making predictive runs, the river flow records should be 
thoroughly researched to set river stage. Prior to using the model for precise 
predictions, the river depth, bottom, and gradient should be accurately 
surveyed at a num ber of points to allow refinement of this component of the 
model. Stage of the river at a point within the model area should be recorded
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on a daily basis to develop a more accurate relationship between river stage 
and flow rate at the Above Missoula gaging station.
3. The speed with which the trzmsient model reacts to changes in stress is no 
doubt related to the distribution of porosity or specific yield as well as 
hydraulic conductivity. Specific yield is poorly known within the Missoula 
Aquifer at this time. More accurate determinations of specific yield and 
porosity would allow considerable refinement to the transient model, and, thus 
more accuracy w hen used in a predictive manner.
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CHAPTER V: CONCLUSIONS AND RECOMMENDATIONS
This study has supplemented and refined previous hydrogeologic work on the 
Missoula Aquifer and has provided new information on the quantification and 
distribution of aquifer properties, and the ground w ater budget. Specific goals which 
were achieved in this study and subsequent conclusions are summarized as follows.
1. W ater level data from previous workers were combined to form a single data 
base and new w ater level data were collected allowing the development of 
valley-wide potentiometric maps which are more accurate and detailed than 
previous maps. The new potentiometric maps were helpful in interpreting 
ground w ater flow directions, hydrogeologic boundaries, river-aquifer 
interactions, and in calibrating the numerical flow model.
2. Aquifer tests were conducted on five high-production wells with drawdowns 
measured in nearby observation wells. The tests allowed, for the first time, 
accurate estimations of hydraulic conductivities in the eastern portion of the 
aquifer with estimates ranging from about 6,150 to 18,000 ft/day. The 
resulting values are similar to those reported for other coarse-grained alluvial 
aquifers in the Columbia drainage system (Davies-Smith, Bolke, and Collins, 
1988; Bolke and Vaccaro, 1983), and were used successfully to calibrate the 
numerical flow model.
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3. A numerical steady state and transient flow model of the Missoula Aquifer 
was constructed, calibrated, and verified. The model provided a synthesis of 
all available data on the physical properties of the aquifer, as the physical 
boundaries, hydraulic properties, and rates and sources of recharge and 
discharge all had to mesh to achieve calibration. In the future, the model 
could be used as a regional aquifer management tool because it appears to 
predict aquifer responses to seasonal and long-term changes in recharge and 
discharge stresses. The flow model could also be used as the starting point for 
particle tracking a n d /o r  solute transport modeling, which would be beneficial 
in deteraiining capture zones for specific wells or predicting contaminant 
movement w ithin the aquifer.
Due to the regional nature of the model, the fairly large grid size, and 
the limited frequency of aquifer property data, the model should not be used 
to analyze relatively small, specific sites within the aquifer. However, the 
model could be used as a fi-amework to develop additional site specific models 
which incorporate more detailed aquifer data.
4. Based on the results of the project aquifer tests and the numerical model, it 
appears the aquifer is not hydraulically connected to  the Clark Fork River in 
the eastern portion of the valley as hypothesized by Clark (1986) and 
Hydrometrics (1984). These results also indicate that wells located near the 
river do not draw  w ater directly from the river and are not capable of reducing 
the flows in the river as suggested by Clark (1986).
5. The numerical flow model was used to estimate a ground water budget 
including recharge rates from the Clark Fork River and discharge rates to the
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Bitterroot River and the western portion of the Clarfc Fork River. The model 
results indicate that approximately 232,(KX) acre-ft/yr of water flows into, and 
out of, the Missoula Aquifer, w ith 192,000 acre-ft/yr (or about 83 percent) of 
inflow derived from leakage from the Clark Fork River. This river leakage was 
estimated to be w ithin 32 percent of the true value.
6. Based on the results of the model, the rate of leakage from the Clark Fork 
River appears to vary mainly as a function of the stage of the river (Figure 
4.10). No evidence was found that suggested the leakage rate varies as a result 
of changing permeability of the river bed as hypothesized by Clark (1986).
RECOMMENDATIONS FOR FURTHER STUDY 
The numerical flow model developed in this study is not a unique solution. 
Different input parameters m ay produce very similar results. To further our 
understanding of the flow system of the Missoula Aquifer, additional research should 
first focus on the interaction of the Clark Fork River with the aquifer. Leakage from 
the river has never been measured in a statistically valid manner. It may be possible 
to place a tracer in the river and detect the tracer in the aquifer using a network of 
monitoring wells, thereby producing data from which leakage rates could be 
estimated. It m ay also be possible to quantify the natural chemistry of the river and 
the aquifer to such an extent that the natural river water can effectively function as a 
tracer itself and be detected in monitoring wells.
Another possible method to estimate river leakage would be to precisely 
m easure the height and shape of the water table mound below the river by  installing 
a num ber of ground w ater monitoring wells in a line perpendicular to, and crossing
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the river. This would require installing wells in the river itself, which would likely 
involve drilling from barges a n d /o r  tem porary gravel pads. Together w ith hydraulic 
conductivity estimates the water table mound data could then be used to estimate 
leakage rates from direct calculation or from computer modeling techniques.
The quantity of underflow from adjacent valleys is also poorly understood. In 
descending order of importance, the underflow from Hellgate Canyon, Bitterroot 
Valley, and Rattlesnake drainage could be quantified more accurately by locating key 
monitoring wells to measure w ater levels and gradients where the valleys enter the 
Missoula Valley and by conducting aquifer tests to determine hydraulic conductivities 
in these areas.
The distribution of hydraulic properties in the western portion of the aquifer 
remains poorly understood. Aquifer tests could be conducted to refine our estimates 
of hydraulic conductivity in these areas.
Evapotranspiration from riparian areas has never been quantified in the 
Missoula Valley, and could be a significant source of aquifer discharge in these areas. 
The flow model presented herein ignored évapotranspiration, and therefore assumed 
all ground w ater discharged in these areas flowed into the rivers. Thus, the model 
probably over-estimated the quantity of aquifer discharge to the Bitterroot and Clark 
Fork Rivers.
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Missoula Valley (MV) Well Data
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV2
E a r l H a r ta l  
1250 Monroa 
E le v a t io n  “ 3 2 3 9 .5 6  C a s ln s  h e ig h t  6  ground l e v e l
MV4
Champion s c a l e  h ouse  
E le v a t io n  -  3 1 7 9 ,0 8  f t .
108
C asing h e ig h t  +2 f t .
D ate SWL Depth
D ate SWL Depth To a»
To a* 0 5 /1 1 /8 5 31 4 4 .1 1 34 .97
0 7 /2 5 /8 5 32 3 0 .5 9 8 .9 7 0 5 /1 8 /8 5 31 4 4 .6 6 34 .42
0 8 /2 3 /8 5 32 3 0 .3 6 9 .2 0 0 5 /2 5 /8 5 31 4 6 .6 2 32 .46
0 8 /2 4 /8 5 3 2 3 0 .6 1 6 .9 5 0 5 /3 1 /8 5 31 4 7 .8 2 31 .2 6
1 0 /2 5 /8 5 3 2 2 9 .4 9 10 .07 0 6 /0 7 /8 5 3149 .57 2 9 .5 1
1 1 /2 6 /8 5 32 2 8 .8 5 1 0 .7 1 0 6 /1 6 /8 5 31 4 7 .7 6 3 1 .3 2
1 2 /3 1 /8 5 3 2 2 7 .6 2 1 1 .9 4 0 6 /3 0 /8 5 31 4 6 .4 6 3 2 .6 2
0 2 /0 4 /8 6 3 2 2 7 .6 2 1 1 .9 4 0 7 /1 3 /8 5 3144 .63 34 .4 5
0 3 /0 1 /8 6 3 2 2 8 .4 0 1 1 .1 6 0 7 /2 5 /8 5 31 4 4 .4 2 3 4 .6 6
0 3 /2 8 /8 6 3 228 .67 1 0 .8 9 0 8 /0 2 /8 5 3142 .67 3 6 .4 1
0 5 /0 6 /8 6 3 2 2 9 .7 1 9 .8 5 0 8 /1 7 /8 5 3143 .93 3 5 .1 5
0 6 /2 0 /8 6 3231 .24 8 .3 2 0 8 /2 3 /8 5 31 4 3 .5 6 3 5 .5 2
0 7 /2 5 /8 6 3230 .14 9 .4 2 0 9 /0 9 /8 5 31 4 3 .4 8 35 .6 0
0 8 /1 5 /8 6 3 2 2 4 .6 0 1 4 .9 6 0 9 /2 4 /6 5 31 4 4 .6 6 3 4 .4 2
1 0 /0 1 /8 6 3 217 .93 2 1 .6 3 1 0 /1 1 /8 5 3 143 .64 35 .44
1 0 /2 3 /8 6 3 224 .07 1 5 .4 9 1 0 /2 5 /8 5 3 1 4 2 .3 6 3 6 .7 2
0 1 /2 6 /8 7 3 227 .17 1 2 .3 9 1 1 /1 2 /8 5 3142 .31 36 .77
0 2 /0 8 /8 7 32 2 6 .5 1 1 3 .0 5 1 1 /2 6 /8 5 31 4 1 .3 2 3 7 .7 6
0 3 /2 2 /8 7 3 2 2 8 .4 5 1 1 .1 1 1 2 /0 9 /8 5 3141 .16 3 7 .9 2
0 4 /2 6 /8 7 32 2 8 .8 6 1 0 .7 0 1 2 /3 1 /8 5 3141 .01 38 .07
0 5 /2 0 /8 7 3 230 .57 8 .9 9 0 2 /0 4 /8 6 3140 .44 38 .64
0 7 /2 1 /8 7 3 2 2 9 .9 6 9 .6 0 3 /0 1 /8 6 3139 .99 3 9 .0 9
0 3 /2 8 /8 6 3140 .22 38 .86
0 5 /0 6 /8 6 3144 .03 35 .05
HV3 0 6 /2 0 /8 6 3148 .03 31 .0 5
David McCley 0 7 /2 5 /8 6 3144 .97 34 .11
828 Ronald S t . 0 8 /1 5 /8 6 3142 .92 3 6 .1 6
E le v a t io n  ”  3 2 0 7 .6 7  C asing h e ig h t  1 f t . 1 0 /0 1 /8 6 3141 .38 37 .70
1 0 /2 3 /8 6 3140 .92 3 8 .1 6
D ate SWL Depth 1 1 /3 0 /8 6 3138 .35 40 .73
To GW 0 1 /2 8 /8 7 3137 .24 41 .84
0 7 /2 5 /8 5 3 147 .94 59 .73 0 2 /0 8 /8 7 31 3 6 .9 9 4 2 .0 9
0 8 /2 3 /8 5 31 4 8 .8 8 5 8 .7 9 0 3 /2 2 /8 7 31 3 7 .5 8 4 1 .5 0
0 9 /2 4 /8 5 3 149 .68 5 7 .9 9 0 4 /2 6 /8 7 31 3 8 .6 2 4 0 .4 6
1 0 /2 5 /6 5 3 1 4 7 .6 8 5 9 .9 9 0 5 /2 1 /8 7 31 4 4 .0 2 3 5 .0 6
1 1 /2 6 /8 5 3 1 4 6 .3 9 6 1 .2 8 0 7 /2 1 /8 7 31 4 3 .4 5 35 .63
1 2 /3 1 /8 5 3 147 .00 6 0 .6 7
0 2 /0 4 /8 6 3 1 4 5 .5 6 6 2 .1 1
0 3 /0 1 /8 6 3 1 4 5 .3 9 6 2 .2 8 MV5
0 3 /2 8 /8 6 3 146 .60 6 1 .0 7 W estern MT C lin ic
0 5 /0 6 /8 6 3 149 .50 5 8 .1 7 501 F ront S t .
0 6 /2 0 /8 6 3152 .40 5 5 .2 7 E le v a tio n  -  31 9 5 .9 7  C asing h e igh t
0 7 /2 5 /8 6 3147 .81 5 9 .8 6
0 8 /1 5 /8 6 3146 .88 6 0 .7 9 D ate SWL Depth
1 0 /0 1 /8 6 3146 .67 6 1 .0 0 To GW
1 0 /2 3 /8 6 3145 .33 6 2 .3 4 0 7 /2 5 /8 5 3144 .21 51 .7 6
1 1 /3 0 /8 6 3143 .42 6 4 .2 5 0 8 /2 3 /8 5 3 144 .29 5 1 .6 8
1 2 /1 5 /8 6 3 142 .42 6 5 .2 5 0 9 /2 4 /8 5 3145 .02 5 0 .9 5
0 1 /2 8 /6 7 3 142 .09 6 5 .5 6 1 0 /2 5 /8 5 3143 .95 5 2 .0 2
0 2 /0 8 /8 7 3141 .40 6 6 .2 7 1 1 /2 6 /8 5 3142 .32 5 3 .6 5
0 3 /2 2 /8 7 3141 .67 6 6 .0 0 1 2 /3 1 /8 5 3142 .17 5 3 .8 0
0 4 /2 6 /8 7 3142 .62 6 5 .0 5 0 2 /0 4 /8 6 3 141 .37 54 .60
0 5 /2 0 /8 7 3148 .35 5 9 .3 2 0 3 /0 1 /8 6 3141 .18 5 4 .7 9
0 7 /2 1 /8 7 3 1 4 7 .7 9 5 9 .8 8 0 3 /2 8 /8 6 3 142 .32 5 3 .6 5
0 5 /0 6 /8 6 3145 .05 5 0 .9 2
0 6 /2 0 /8 6 3146 .72 4 9 .2 5
0 7 /2 6 /8 6 3145 .06 5 0 .9 1
0 8 /1 5 /8 6 3140 .27 5 5 .7 0
1 0 /0 1 /8 6 3143 .44 5 2 .5 3
1 0 /2 3 /8 6 3138 .92 5 7 .0 5
1 1 /3 0 /8 6 3139 .43 56 .54
1 2 /1 5 /8 6 3138 .51 5 7 .4 6
0 1 /2 8 /8 7 3137 .57 5 8 .4 0
0 2 /0 8 /8 7 3137 .30 5 8 .67
0 3 /2 2 /8 7 3138 .07 5 7 .9 0
0 4 /2 6 /8 7 3138 .92 5 7 .0 5
0 5 /2 4 /8 7 3143 .87 5 2 .1 0
0 7 /2 1 /8 7 3143 .59 5 2 ,3 8
1 f t .
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
MV6
Rancho M otal 
1010 H. Broadway 
E le v a t io n  “  3 1 7 9 .5 8  f t . c a s in g  h e ig h t  +1 f t .
MV9
M. Malcom 
1931 R iver  Rd.
E le v a t io n  -  3 1 6 1 .6 3  f t .
1 0 9
C asing h e ig h t  + 2 .5  f
D ate
0 5 /1 1 /8 5
0 5 /1 8 /8 5
0 5 /2 5 /8 5
0 5 /3 1 /8 5
0 6 /0 7 /8 5
0 6 /1 6 /8 5
0 6 /3 0 /8 5
0 7 /1 3 /8 5
0 7 /2 5 /8 5
0 8 /0 2 /8 5
0 8 /1 7 /8 5
0 8 /2 3 /8 5
0 9 /0 9 /8 5
0 9 /2 4 /8 5
1 0 /1 1 /8 5
1 0 /2 5 /8 5
1 1 /1 2 /8 5
1 1 /2 6 /8 5
1 2 /0 9 /8 5
1 2 /3 1 /8 5
0 2 /0 4 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 6 /8 6
0 8 /1 5 /8 6
10/ 01/86
1 0 /2 3 /8 6
1 1 /3 0 /8 6
1 2 /1 5 /8 6
0 1 /2 8 /8 7
0 2 /0 8 /8 7
0 3 /2 2 /8 7
0 4 /2 6 /8 7
0 5 /2 4 /8 7
0 7 /2 1 /8 7
SWL
3143 .81
3 1 4 4 .2 8
3 1 4 6 .2 3
3 1 4 7 .1 9  
3 1 4 7 .4 9  
31 4 7 .3 1  
31 4 5 .3 3
3 1 4 4 .1 5  
31 4 3 .1 0
3 1 4 2 .4 6
31 4 3 .1 8
31 4 3 .1 6
3142 .67
3 1 4 3 .8 8
3 143 .00  
3 1 4 1 .7 8  
3 1 4 0 .9 6  
3 1 4 0 .4 8
3 140 .20  
3 140 .13
3 139 .36  
3 139 .39
31 4 1 .0 0  
3 142 .58
3147 .37
3 144 .46  
3142 .57
3141 .67
31 4 0 .2 1
3 1 3 8 .2 6
31 3 7 .2 7
31 3 6 .1 8
31 3 5 .8 8  
3137 .03  
31 3 8 .1 5  
31 4 3 .4 1  




35 .30  
3 3 .3 5
3 2 .3 9
3 2 .0 9  
3 2 .2 7  
3 4 .2 5  
3 5 .4 3  
3 6 .4 8
3 7 .1 2
3 6 .4 0
3 6 .4 2
3 6 .9 1
3 5 .7 0
3 6 .5 8  
3 7 .8 0  
3 8 .6 2
3 9 .1 0  
3 9 .3 8  
3 9 .4 5  
4 0 .2 2  
4 0 .1 9
3 8 .5 8
3 7 .0 0  
3 2 .2 1
3 5 .1 2
3 7 .0 1
3 7 .9 1  
3 9 .3 7  
4 1 .3 2
4 2 .3 1
4 3 .4 0
4 3 .7 0  
4 2 .5 5
4 1 .4 3  
3 6 .1 7  
3 6 .8 6
D ate
0 7 /2 5 /8 5
0 8 /2 3 /8 5
0 9 /2 4 /8 5
1 0 /2 5 /8 5
1 1 /2 6 /8 5
1 2 /3 1 /8 5
0 2 /0 4 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 6 /8 6
0 8 /1 5 /8 6
10/ 0 1 /8 6
1 0 /2 3 /8 6
1 1 /3 0 /8 6








31 3 5 .0 9  
31 3 6 .0 1  
3137 .04  
31 3 8 .8 9  
31 4 2 .4 5  
31 3 9 .9 6
3138 .54
31 3 7 .5 5
31 3 6 .0 9  
31 3 4 .3 5  
3133 .47
0 7 /2 1 /8 7  3 138 .71
Depth 
To GW
2 2 .6 5  
2 2 .7 9  
2 2 .3 5  
2 3 .9 4  
2 5 .4 3  
2 5 .9 6
2 6 .5 4  
2 5 .6 2  
2 4 .5 9  
2 2 .7 4  
19 .18
2 1 .6 5  
2 3 .0 9  
2 4 .0 8
2 5 .5 4  
2 7 .2 8  
2 8 .1 6




E le v a tio n  “  3 1 6 5 .0 9  f t . C asing h e ig h t  + 1 .8  f
MV8
M obile C ity  T r a i le r  Park 
1509 R iv er  Rd.
E le v a t io n  ■ 3 1 6 7 .8 2  C asing h e ig h t  1 .1 0  f t .
D ate SWL Depth
To GW
0 8 /2 3 /8 5 3141 .10 2 6 .7 2
0 9 /2 4 /8 5 3141 .62 2 6 .2 0
1 0 /2 5 /8 5 3140 .03 2 7 .7 9
1 1 /2 6 /8 5 3138 .45 2 9 .3 7
1 2 /3 1 /8 5 3138 .12 2 9 .7 0
0 2 /0 4 /8 6 31 3 7 .3 8 30 .4 4
0 3 /0 1 /8 6 31 3 7 .8 5 2 9 .9 7
0 3 /2 8 /8 6 31 3 9 .1 5 2 8 .6 7
0 5 /0 6 /8 6 31 4 1 .2 2 2 6 .6 0
0 6 /2 0 /8 6 3145 .22 2 2 .6 0
0 7 /2 6 /8 6 3142 .50 2 5 .3 2
1 0 /0 1 /8 6 3139 .64 2 8 .1 8
Date
0 5 /1 1 /8 5
0 5 /1 8 /8 5
0 5 /2 5 /8 5
0 5 /3 1 /8 5
0 6 /0 7 /8 5
0 6 /1 6 /8 5
0 6 /3 0 /8 5
0 7 /1 3 /8 5
0 7 /2 5 /8 5
0 8 /0 2 /8 5
0 8 /1 7 /8 5
0 8 /2 3 /8 5
0 9 /0 9 /8 5
0 9 /2 4 /8 5
1 0 /1 1 /8 5
1 0 /2 5 /8 5
1 1 /1 2 /8 5
1 1 /2 6 /8 5
1 2 /0 9 /8 5
1 2 /3 1 /8 5
0 2 /0 4 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 6 /8 6
0 8 /1 5 /8 6
10 / 0 1 /8 6
1 0 /2 3 /8 6
1 1 /3 0 /8 6
1 2 /1 5 /8 6
0 1 /2 8 /8 7
0 2 /0 9 /8 7
0 3 /2 2 /8 7
0 4 /2 6 /8 7
0 5 /2 3 /8 7
0 7 /2 1 /8 7
SWL
3141 .07  
3141 .27  
3143 .62  
3144 .38  
3144 .65  
3145 .00
3143 .04  
3141 .47





3141 .04  
3140 .31  
3139 .64
3139 .07
3138 .08  
3137 .67
31 3 7 .4 9  




31 4 4 .7 8  
3142 .06
3139 .78  
3139 .14  
3137 .77
3135 .91
3135 .04  
3133 .83  
3133 .56
31 3 4 .7 2  
3135 .97




2 4 .0 2  
2 3 .8 2  
21 .4 7  
2 0 .7 1
20 .4 4  
2 0 .0 9
2 2 .0 5
2 3 .6 2  




2 5 .1 8
2 4 .0 5  
2 4 .7 8
2 5 .4 5
2 6 .0 2  
2 7 .0 1  
2 7 .4 2
2 7 .6 0  
2 8 .2 9  
2 7 .7 5  
2 6 .3 8  
2 4 .3 2
2 0 .3 1  
2 3 .0 3
2 5 .3 1  
2 5 .9 5
2 7 .3 2
2 9 .1 8
3 0 .0 5  
3 1 .2 6  
31 .5 3  
30 .3 7  
2 9 .1 2  
2 4 .0 0  
2 4 .8 1
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MVH
M il l  Supply
Palmer & 2304 W. Broadway
E le v a t io n  -  3 1 8 2 .6 8  f t .  c a s in g  h e ig h t  + 1 .S  f t .
MV14
Humane S o c ie t y  
E le v a t io n  -  3 155 .23  f t .
1 1 0
c a s in g  h e ig h t
Date SWL Depth
D ate SWL Depth To GW
To GW 0 8 /2 3 /8 5 3 1 3 7 .2 6 17 .97
0 8 /2 3 /8 5 3139 .70 4 2 .9 8 0 9 /2 4 /8 5 3137 .71 17 .52
0 9 /2 4 /8 5 3 1 4 0 .2 9 4 2 .3 9 1 0 /2 5 /8 5 3136 .27 18 .96
1 0 /2 5 /8 5 3 1 3 9 .1 0 4 3 .5 8 1 1 /2 6 /8 5 3 1 3 5 .1 8 2 0 .0 5
1 1 /2 6 /8 5 31 3 7 .5 1 4 5 .1 7 1 2 /3 1 /8 5 3134 .63 2 0 .6 0
1 2 /3 1 /8 5 3 1 3 6 .7 5 4 5 .9 3 0 2 /0 4 /8 6 3 1 3 3 .9 8 2 1 .2 5
0 2 /0 4 /8 6 3 1 3 6 .0 2 4 6 .6 6 0 3 /2 8 /8 6 3136 .04 1 9 .1 9
0 3 /0 1 /8 6 3 1 3 6 .1 1 4 6 .5 7 0 5 /0 6 /8 6 3137 .90 17 .33
0 3 /2 8 /8 6 3 1 3 8 .1 5 4 4 .5 3 0 6 /2 0 /8 6 31 4 0 .2 6 14 .97
0 5 /0 6 /8 6 3 1 4 0 .0 6 4 2 .6 2 1 0 /2 3 /8 6 3 1 3 5 .2 2 2 0 .0 1
0 6 /2 0 /8 6 3 1 4 2 .1 6 4 0 .5 2 1 2 /0 1 /8 6 3 1 3 3 .4 5 2 1 .7 8
0 7 /2 6 /8 6 31 4 1 .5 1 4 1 .1 7 1 2 /1 5 /8 6 3132 .54 2 2 .6 9
0 1 /2 8 /8 7 3 1 3 1 .4 9 2 3 .7 4
0 2 /0 9 /8 7 3131 .13 2 4 .1 0
MV12 0 3 /2 1 /8 7 3 1 3 1 .5 6 2 3 .6 7
Humane D esign 0 4 /2 6 /8 7 3 134 .07 2 1 .1 6
2425 M ullan Rd. 0 5 /2 5 /8 7 3 1 3 8 .4 9 16 .74
E le v a t io n  ”  3 1 5 6 .3 3  f t .  c a s in g  h e ig h t  - 6 .0  f t . 0 7 /2 1 /8 7 3 1 3 7 .4 5 17 .78
D ate SWL Depth
To GW MV15
0 6 /2 3 /8 5 3 1 3 9 .7 6 1 6 .5 7 V ic  Emmery
0 9 /2 4 /8 5 31 4 0 .3 7 1 5 .9 6 E le v a t io n  •  3 1 5 0 .7 2  f t .  c a s in g  b e lt
1 0 /2 5 /8 5 31 3 8 .9 9 1 7 .3 4
1 1 /2 6 /8 5 31 3 7 .4 0 18 .93 D ate SWL Depth
1 2 /3 1 /8 5 31 3 6 .6 9 19 .64 to  GW
0 2 /0 4 /8 6 31 3 6 .0 3 2 0 .3 0 0 7 /2 5 /8 5 3 137 .79 12 .93
0 3 /0 1 /8 6 3 1 3 6 .0 9 2 0 .2 4 0 8 /2 3 /8 5 3137 .67 1 3 .0 5
0 3 /2 8 /8 6 3 1 3 8 .1 9 18 .14 0 9 /2 4 /8 5 3 138 .06 12 .66
0 5 /0 6 /8 6 3 1 3 9 .7 1 16 .6 2 1 0 /2 5 /8 5 3136 .61 14 .11
0 6 /2 0 /8 6 31 4 3 .4 1 12 .9 2 1 1 /2 6 /8 5 3135 .22 15 .50
0 7 /2 6 /8 6 31 4 1 .0 0 1 5 .3 3 1 2 /3 1 /6 5 3134 .73 1 5 .9 9
0 6 /1 5 /8 6 3 1 3 9 .5 6 1 6 .7 7 0 2 /0 5 /8 6 3134 .13 16 .59
1 0 /0 1 /8 6 3 1 3 8 .3 6 1 7 .9 7 0 3 /0 1 /8 6 3 135 .02 15 .70
1 0 /2 3 /8 6 31 3 6 .7 0 1 9 .6 3 0 3 /2 8 /8 6 3136 .02 14 .70
1 2 /0 1 /6 6 3 1 3 5 .2 4 2 1 .0 9 0 5 /0 6 /8 6 3137.74 12 .98
1 2 /1 5 /8 6 31 3 4 .4 0 2 1 .9 3 0 6 /2 0 /8 6 3140 .79 9 .9 3
0 1 /2 8 /8 7 3133 .14 2 3 .1 9 0 7 /2 7 /8 6 3138 .78 11 .94
0 3 /2 1 /8 7 3 1 3 2 .7 9 2 3 .5 4 0 8 /1 5 /8 6 3137.87 12 .85
0 4 /2 6 /8 7 3 1 3 5 .7 2 2 0 .6 1 1 0 /0 1 /8 6 3136 .11 14 .61
0 5 /2 3 /8 7 3140 .61 1 5 .7 2 1 0 /2 3 /8 6 3 135 .19 15 .53
0 7 /3 1 /8 7 3139 .63 1 6 .7 0 1 2 /0 1 /8 6 3 133 .48 17 .24
1 2 /1 5 /8 6 3132.64 18 .08
0 1 /2 8 /8 7 3131 .70 19 .0 2
MV13 0 2 /0 9 /8 7 3131 .26 19 .46
D a i ly ' s  Inc 0 3 /2 1 /8 7 3 131 .72 19 .00
E le v a t io n  “  31 6 0 .8 7  f t .  c a s in g  h e ig h t  + 2 .5  f t . 0 4 /2 6 /8 7 3134.04 1 6 .6 8
0 5 /2 5 /8 7 3 138 .55 12 .17
D ate SWL Depth 0 7 /2 1 /8 7 3 137 .65 13 .07
To GW
0 7 /2 5 /8 5 3138 .97 2 1 .9 0
0 8 /2 3 /8 5 31 3 8 .7 0 2 2 .1 7
0 9 /2 4 /8 5 31 3 8 .8 5 2 2 .0 2
1 0 /2 5 /8 5 3137 .81 2 3 .0 6
1 1 /2 6 /8 5 3136 .47 2 4 .4 0
1 2 /3 1 /8 5 3136 .23 2 4 .6 4
0 2 /0 4 /8 6 3135 .23 2 5 .6 4
0 3 /0 1 /8 6 3135 .81 2 5 .0 6
0 3 /2 8 /8 6 3 136 .97 2 3 .9 0
0 5 /0 6 /8 6 3139 .27 2 1 .6 0
0 6 /2 0 /8 6 3142 .77 18 .10
0 7 /2 6 /8 6 3 1 4 0 .9 8 1 9 .8 9
0 8 /1 5 /8 6 3 1 3 7 .5 5 2 3 .3 2
1 0 /0 1 /8 6 3 1 3 7 .0 9 2 3 .7 8
1 0 /2 3 /6 6 3 1 3 4 .5 2 2 6 .3 5
1 2 /0 1 /8 6 3 1 3 5 .4 6 2 5 .4 1
1 2 /1 5 /8 6 3 133 .53 2 7 .3 4
0 1 /2 8 /8 7 3132 .48 2 6 .3 9
0 2 /0 9 /8 7 3 131 .73 2 9 .1 4
0 3 /2 1 /8 7 31 3 2 .4 6 2 8 .4 1
0 4 /2 6 /8 7 3 1 3 4 .5 4 2 6 .3 3
0 5 /2 3 /8 7 3 1 3 9 .2 6 2 1 .6 1
0 7 /2 1 /8 7 31 3 8 .1 7 2 2 .7 0
0 .5  f t
R ep ro d u ced  with p erm issio n  o f  th e  cop yrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
MV16
Jim C aras K ursary  
E le v a t io n  “ 3 1 5 2 .7 0  f t . C asing  h e ig h t  0 .5  f t .
MVie
R. P o tte r  
E le v a tio n
1 1 1
D ate
0 5 /1 8 /8 5
0 5 /2 5 /8 5
0 5 /3 1 /8 5
0 6 /0 7 /8 5
0 6 /1 6 /8 5
0 6 /3 0 /8 5
0 7 /1 3 /8 5
0 7 /2 5 /8 5
0 8 /0 2 /8 5
0 8 /1 7 /8 5
0 8 /2 3 /8 5
0 9 /0 9 /8 5
0 9 /2 4 /8 5
1 0 /1 1 /8 5
1 0 /2 5 /8 5
1 1 /1 2 /8 5
1 1 /2 6 /8 5
1 2 /0 9 /8 5
1 2 /3 1 /8 5
0 2 /0 4 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 7 /8 6
0 8 /1 5 /8 6
10/ 01/86
1 0 /2 3 /8 5
12/ 0 1 /8 6
1 2 /1 5 /8 6
0 1 /2 8 /8 7
0 2 /1 0 /8 7
0 3 /2 1 /8 7
0 4 /2 6 /8 7
0 5 /2 5 /8 7
0 7 /2 1 /8 7
SWL
3 1 3 7 .2  
31 3 8 .5 8
31 3 9 .2 2
31 3 9 .1 8  
3 1 3 8 .7 9  
3 137 .57
3 137 .03  
3 1 3 6 .2 9
3 1 3 5 .6 2
3 1 3 6 .1 9
3 1 3 6 .2  
3 1 3 5 .7 6
3 136 .41  
3 1 3 5 .3 2  
3 1 3 4 .6 9  
3 134 .38  
3 1 3 3 .5 5  
3 1 3 3 .4 5
3 133 .03
3 132 .60
3 1 3 3 .4 2
3 1 3 4 .2 2
3 135 .61  
3 1 3 8 .8 9  
3 137 .13
3 136 .00  
3 1 3 5 .0 9
3 133 .63
3132 .07










1 4 .1 2
1 3 .4 8  
1 3 .5 2  
1 3 .9 1
15 .13
15 .67  
16 .41
1 7 .0 8  
1 6 .5 1
1 6 .5  
16 .94  
1 6 .2 9  
17 .3 8  
18 .0 1  
18 .3 2  
19 .1 5  
19 .2 5
19 .6 7  
2 0 . 1 0  
19 .2 8
18 .48
17 .0 9  
13 .8 1  
15 .5 7
16 .7 0
17 .61  
19 .07  
2 0 .6 3
2 0 .7 0  
2 2 .2 0
2 2 .6 7
2 2 .6 2  
2 0 .5 0  
15 .6 9
16 .4 8
■ 3131 .71  
D ate
0 7 /2 5 /8 5
0 8 /2 3 /8 5
0 9 /2 4 /8 5
1 0 /2 5 /8 5
1 1 /2 6 /8 5
1 2 /3 1 /8 5
0 2 /0 5 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 7 /8 6
0 8 /1 5 /8 6
10/ 0 1 /8 6
1 0 /2 3 /8 6
12/ 0 1 /8 6
1 2 /1 5 /8 6
0 1 /2 8 /8 7
0 2 /0 9 /8 7
0 3 /2 1 /8 7
0 4 /2 7 /8 7
0 5 /2 5 /8 7






3118 .71  
3 118 .75
3 1 1 8 .7 1  
3 1 2 0 .0 6  
3 1 1 9 .6 9  
3 1 2 0 .2 6  
3 1 2 2 .4 8  
3 1 2 0 .7 8  
3 1 2 0 .6 6  
3 120 .20  
3 1 1 8 .9 8
3 118 .53  
3 117 .87  
3 117 .93  
3 117 .83  
3 117 .90  
3 118 .81  
3 121 .44  
3 120 .86
Depth 
t o  GW 
11 .14  
10 .70
10 .87  
12 .18
13 .00  
12 .96
13 .00  
11 .65  








13 .84  
1 3 .78
1 3 .88  
1 3 .81  




G. M itc h e ll
E le v a tio n  •  3 1 2 7 .8 3  f t . ca s in g  h e ig h t  + 1 .5  f
MV17
B a s i l  T r o llo p e  
E le v a t io n  " 3 1 3 5 .1 6  f t . c a s in g  h e ig h t  + 1 .0  f t .
D ate SWL Depth 
to  GW
0 7 /2 5 /8 5 3125.44 9 .7 2
0 8 /2 3 /8 5 3126 .01 9 .1 5
0 9 /2 4 /8 5 3126 .16 9 .0 0
1 0 /2 5 /8 5 3125 .27 9 .8 9
1 1 /2 6 /8 5 31 2 4 .1 9 10 .97
1 2 /3 1 /8 5 31 2 3 .9 1 1 1 .2 5
0 2 /0 5 /8 6 3124 .28 1 0 .8 8
0 3 /2 8 /8 6 31 2 5 .0 8 1 0 .0 8
Date
0 7 /2 5 /8 5
0 8 /2 3 /8 5
0 9 /2 4 /8 5
1 0 /2 5 /8 5
1 1 /2 6 /8 5
1 2 /3 1 /8 5
0 2 /0 5 /8 6
0 3 /0 1 /8 6
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 7 /8 6
0 8 /1 5 /8 6
10/0 1 / 8 6
1 0 /2 3 /8 6
12/ 02/86
1 2 /1 5 /8 6
0 1 /2 8 /8 7
0 2 /0 9 /8 7
0 3 /2 1 /8 7
0 4 /2 7 /8 7
0 5 /2 5 /8 7
0 7 /2 1 /8 7
SWL
3 1 1 6 .9 5
3117 .52
3 1 1 7 .2 9
3115 .83  
3115 .41  
3115 .14
3 115 .08  
3 116 .46  
3116 .03  
3116 .54  
3 119 .88
3 117 .09  
3 1 1 6 . 9 8  
3 1 1 6 . 4 8  
3 115 .58  
3 114 .31  
3 113 .63
3 114 .22  
3114 .24  





to  GW 
10 .88  
10 .31  
10 .54  
1 2 . 0 0  
1 2 .42  
1 2 .69  
1 2 .75  
11 .37  
11 .80  
1 1 .29  
7 .9 5
10 .74  
10 . 85 
1 1 .3 5  
12 .25  
13 .52  
14 .20  
13 .61
1 3 .5 9  
13 .48
1 2 .7 5  
1 0 . 0 0
10 .60
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
HV20 
J . T ripp  
E le v a t io n “ 3 1 1 6 .6 6  f t .  c a s in g  h e ig h t  + 0 .8  f t
MV22 
J . King
4204 North Avenue 
E le v a t io n  -  3137 .17  f t .
1 1 2
c a s in g  h e ig h t  ?
D ate SWL Depth
t o  GW D ate SWL Depth
0 7 /2 5 /8 5 3 1 0 8 .1 5 8 .5 3 to  GW
0 6 /2 3 /8 5 3 1 0 6 .8 0 7 .8 8 0 7 /2 5 /8 5 3113 .39 2 3 .7 8
0 9 /2 4 /8 5 3 108 .77 7 .9 1 0 8 /2 3 /8 5 3114 .13 2 3 .0 4
1 0 /2 5 /8 5 3 107 .94 8 .7 4 0 9 /2 4 /8 5 3113 .23 2 3 .94
1 1 /2 6 /8 5 3 107 .60 0 .0 8 1 0 /2 5 /8 5 3111 .60 2 5 .5 7
1 2 /3 1 /8 5 3 107 .34 9 .3 4 1 1 /2 6 /8 5 3111 .19 2 5 .9 6
0 2 /0 5 /8 6 3 1 0 7 .4 8 9 .2 0 1 2 /3 1 /8 5 3110 .78 2 6 .3 9
0 3 /0 1 /8 6 3 1 0 8 .2 9 8 .3 9 0 2 /0 5 /8 6 3110 .78 2 6 .3 9
0 3 /2 8 /8 6 3 1 0 8 .3 0 8 .3 8 0 3 /0 1 /8 6 3112 .08 2 5 .0 9
0 5 /0 6 /8 6 3 1 0 8 .9 8 7 .7 0 0 3 /2 8 /8 6 3111 .73 2 5 .4 4
0 6 /2 0 /8 6 3 1 1 0 .0 8 6 .6 0 0 5 /0 6 /8 6 3112 .18 2 4 .9 9
0 7 /2 7 /8 6 3 1 0 8 .4 3 8 .2 5 0 6 /2 0 /8 6 3114 .23 2 2 .9 4
0 8 /1 5 /8 6 3 1 0 8 .2 6 8 .4 0 0 7 /2 7 /8 6 3113 .56 2 3 .6 1
1 0 /0 1 /8 6 3 108 .23 8 .4 5 0 8 /1 5 /8 6 3113 .45 2 3 .7 2
1 0 /2 3 /8 6 3 1 0 7 .5 5 9 .1 3 1 0 /0 1 /8 6 3112 .57 2 4 .6 0
1 2 /0 2 /8 6 3 1 0 7 .3 0 9 .3 8 1 0 /2 3 /8 6 3111.24 2 5 .9 3
1 2 /1 5 /8 6 3 107 .07 9 .6 1 1 2 /0 3 /8 6 3110.74 2 6 .4 3
0 1 /2 8 /8 7 3 107 ,01 9 .6 7 1 2 /1 5 /8 6 3110 .54 2 6 .6 3
0 2 /1 0 /8 7 3 106 .83 9 .8 5 0 1 /2 8 /8 7 3110 .19 2 6 .9 8
0 3 /2 1 /8 7 3 1 0 7 .0 9 9 .5 9 0 2 /1 0 /8 7 3110 .15 2 7 .0 2
0 4 /2 6 /8 7 3 1 0 7 .9 6 8 .7 2 0 3 /2 1 /8 7 3 109 .09 2 8 .0 8
0 5 /2 5 /8 7 3 109 .29 7 .3 9 0 4 /2 7 /8 7 3 110 .90 2 6 .2 7
0 7 /2 1 /8 7 3 1 0 8 .5 8 8 .1 0 0 6 /0 1 /8 7 3115 .09 2 2 .0 8
0 7 /2 1 /8 7 3 113 .79 2 3 .3 8
MV21 
P. F l i n t  
4785 Sp u tg ln  Rd. 
E le v a t io n  3 1 1 4 .3 2  f t . c a s in g  h e ig h t  + 1 .0  f t
MV23
J . Bauer 
2409 Benson  
E le v a t io n  “ 3 1 0 9 .1 5  f t .  c a s in g  h e ig h t  - 2 .0  f
D ate SWL Depth
t o  GW Data SWL Depth
0 7 /2 5 /8 5 3 1 0 0 .2 6 1 4 .0 6 t o  GW
0 8 /2 3 /8 5 3 1 0 0 .7 5 13 .57 0 7 /2 5 /8 5 3 1 0 1 .1 8 .0 5
0 9 /2 4 /8 5 3 1 0 1 .9 6 1 2 .3 6 0 8 /2 3 /8 5 3 101 .96 7 .1 9
1 0 /2 5 /8 5 3 1 0 1 .5 6 1 2 .7 6 0 9 /2 4 /8 5 3102 .09 7 .0 6
1 1 /2 6 /8 5 3 1 0 1 .9 5 12 .37 1 0 /2 5 /8 5 3 101 .39 7 .7 6
1 2 /3 1 /8 5 3 101 .00 1 3 .3 2 1 1 /2 6 /8 5 3 100 .95 8 .2 0
0 2 /0 5 /8 6 3 101 .21 1 3 .1 1 1 2 /3 1 /8 5 3100 .43 8 .7 2
0 3 /0 1 /8 6 3 1 0 3 .0 2 11 .30 0 2 /0 5 /8 6 3100 .73 6 .4 2
0 3 /2 8 /8 6 3 1 0 2 .0 0 1 2 .3 2 0 3 /0 1 /8 6 3102 .63 6 .5 2
0 5 /0 6 /8 6 3 103 .03 1 1 .2 9 0 5 /0 6 /8 6 3 1 0 2 .9 6 6 .1 9
0 6 /2 0 /8 6 3 1 0 3 .0 9 11 .23
0 7 /2 7 /8 6 3 1 0 1 .4 2 12 .90
0 8 /1 5 /8 6 3 099 .86 1 4 .4 6 MV24
1 0 /0 1 /8 6 3101 .83 1 2 .4 9 R. R an g itsch
1 0 /2 3 /8 6 3 101 .27 1 3 .0 5 2900 Humble
1 2 /0 2 /8 6 3 1 0 1 .1 2 13 .20 E le v a t io n  " 3 1 2 4 .5 1  f t .  c a s in g  h e ig h t
1 2 /1 5 /8 6 3100 .43 1 3 .8 9
0 1 /2 8 /8 7 3 100 .65 13 .67 D ate SWL Depth
0 2 /1 0 /8 7 3 100 .72 13 .60 t o  GW
0 3 /2 1 /8 7 3 101 .06 13 .26 31252 3 110 .87 13 .64
0 4 /2 7 /8 7 3 1 0 2 .4 2 1 1 .9 0 31281 3 111 .57 12 .94
0 5 /2 5 /8 7 3 102 .30 1 2 .0 2 31313 3 109 .91 14 .60
0 7 /2 1 /8 7 3 101 .66 12 .64 31344 3 107 .66 1 6 .6 5
31376 3 106 .93 1 7 .5 6
31411 3106 .43 18 .08
31447 3 106 .11 18 .40
31471 3 106 .71 15 .80
31498 3 1 0 7 .9 9 1 6 .5 2
31537 3107 .73 1 6 .7 8
31582 3 112 .03 1 2 .4 8
31619 3 111 .61 12 .90
31638 3 106 .29 1 6 .2 2
31685 3110 .93 1 3 .5 8
31707 3 108 .30 1 6 .2 1
31748 3 106 .41 18 .10
31760 3 105 .22 1 9 .2 9
31604 3105 .64 16 .87
31618 3 105 .56 1 8 .9 5
31856 3 105 .68 18 .83
31893 3 106 .10 18 .41
31928 3 1 1 3 .2 1 11 .30
31978 3 1 1 1 .7 6 1 2 .7 5
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
HV25
Church o f  God 
3S02 South  Avenu* 
E le v a t io n  3 1 4 2 .9 7  f t . c a s in g  8 ground l e v e l
MV27 
L. S t e e l
3434 Spurg In Road 
E le v a t io n  “  3 1 3 8 .7 6  f t .
113
c a s in g  6 ground le v a
D ate SWL Depth  
to  GW
D ate SWL Depth
0 7 /2 5 /8 5 3 1 1 7 .3 8 2 5 .5 9 0 7 /2 5 /8 5 3 126 .96 11 .80
0 8 /2 3 /8 5 3 1 1 8 .3 5 2 4 .6 2 0 8 /2 3 /8 5 3 127 .00 11 .76
0 9 /2 4 /8 5 31 1 7 .8 1 2 5 .1 6 0 9 /2 5 /8 5 3126 .72 12 .04
1 0 /2 5 /8 5 3 1 1 5 .9 7 2 7 .0 0 1 0 /2 4 /8 5 3125 .04 13 .72
1 1 /2 6 /8 5 3 1 1 5 .9 9 2 6 .9 8 1 1 /2 6 /8 5 3124 .38 14 .38
1 2 /3 1 /8 5 31 1 5 .5 2 2 7 .4 5 1 2 /3 1 /8 5 3123 .76 15 .00
0 2 /0 5 /8 6 3 115 .51 2 7 .4 6 0 2 /0 6 /8 6 3123 .69 15 .07
0 3 /0 1 /8 6 3 116 .57 2 6 .4 0 0 3 /0 1 /8 6 3 124 .71 1 4 .0 5
0 3 /2 8 /8 6 31 1 6 .6 2 2 6 .3 5 0 3 /2 8 /8 6 3 124 .86 1 3 .90
0 5 /0 6 /8 6 31 1 6 .9 0 2 6 .0 7 0 5 /0 6 /8 6 3 125 .49 13 .27
0 6 /2 0 /8 6 31 2 0 .4 0 2 2 .5 7 0 6 /2 0 /8 6 3128 .99 9 .7 7
0 7 /2 7 /8 6 3 1 1 8 .2 0 2 4 .7 7 0 7 /2 8 /8 6 3 127 .13 11 .63
0 8 /1 5 /8 6 3 117 .97 2 5 .0 0 0 8 /1 5 /8 6 3126 .74 1 2 .02
1 0 /0 1 /8 6 31 1 6 .9 3 2 6 .0 4 1 0 /0 1 /8 6 3 125 .72 13 .04
1 0 /2 3 /8 6 31 1 6 .0 9 2 6 .8 8 1 0 /2 3 /8 6 3124 .36 14 .40
1 2 /0 3 /8 6 3 115 .57 2 7 .4 0 1 2 /0 4 /8 6 3 123 .41 15 .35
1 2 /1 5 /8 6 31 1 5 .2 5 2 7 .7 2 1 2 /1 5 /8 6 3123 .56 15 .20
0 1 /2 8 /8 7 3 1 1 4 .1 5 2 8 .8 2 0 1 /2 8 /8 7 3122 .48 16 .30
0 2 /1 1 /8 7 3 114 .77 2 8 .2 0 0 2 /1 1 /8 7 3 1 2 2 .3 2 16 .44
0 3 /2 1 /8 7 3 1 1 4 .8 2 2 8 .1 5 0 3 /2 1 /8 7 3 122 .38 1 6 .38
0 4 /2 7 /8 7 3 115 .43 2 7 .5 4 0 4 /2 7 /8 7 3123 .23 15 .53
0 6 /0 1 /8 7 31 2 1 .6 6 2 1 .3 1 0 6 /0 1 /8 7 31 2 8 .0 8 10 .68
0 7 /2 1 /8 7 3 1 1 8 .2 2 2 4 .7 5
MV26
T r in ity  B a p t is t  Church 
3020 South Avenue 
E le v a t io n  »  3 1 5 6 .2 1  f t . c a s in g  h e ig h t  + 1 .5  f t .
MV28
D. S c o t t
1520 2 7 th  Avenue
E le v a t io n  “  31 6 6 .6 3  f t . c a s in g  h e ig h t  + 1 .0  f
D ate SWL Depth
D ate SWL- Depth to  GW
t o  GW 0 7 /2 5 /8 5 3 133 .02 33 .61
0 7 /2 4 /8 5 31 2 5 .7 1 3 0 .5 0 0 8 /2 3 /8 5 3 133 .02 3 3 .6 1
0 8 /2 2 /8 5 3 1 2 5 .5 6 3 0 .6 5 0 9 /2 5 /8 5 3 133 .03 3 3 .6 0
0 9 /2 4 /8 5 31 2 6 .5 1 2 9 .7 0 1 0 /2 4 /8 5 3 131 .12 3 5 .5 1
1 0 /2 3 /8 5 3 125 .00 3 1 .2 1 1 1 /2 6 /8 5 3 130 .02 3 6 .6 1
1 1 /2 5 /8 5 3 124 .21 3 2 .0 0 1 2 /3 1 /8 5 3 1 2 9 .3 5 3 7 .2 6
1 2 /3 0 /8 5 31 2 3 .5 2 3 2 .6 9 0 2 /0 6 /8 6 3 128 .98 3 7 .6 5
0 2 /0 5 /8 6 3 123 .30 3 2 .9 1 0 3 /0 1 /8 6 3 129 .52 3 7 .1 1
0 2 /2 8 /8 6 3 124 .05 3 2 .1 6 0 3 /2 8 /8 6 3130 .47 3 6 .1 6
0 3 /2 7 /8 6 3124 .53 3 1 .6 8 0 5 /0 6 /8 6 3 1 3 1 .2 5 3 5 .3 8
0 5 /0 5 /8 6 3 125 .08 3 1 .1 3 0 6 /2 0 /8 6 3 1 3 5 .8 9 30 .74
0 6 /2 0 /8 6 3129 .10 2 7 .1 1 0 7 /2 8 /8 6 3 133 .81 3 2 .8 2
0 7 /2 8 /8 6 3126 .64 2 9 .5 7 0 8 /1 5 /8 6 3 1 3 3 . 1 3 3 3 . 5 0
0 8 /1 5 /8 6 3 126 .12 3 0 .0 9 1 0 /0 1 /8 6 3 1 3 0 . 5 0 3d 13
1 0 /0 1 /8 6 3 125 .49 3 0 .7 2 1 0 /2 3 /8 6 3 1 3 0 .0 2 36 .61
1 0 /2 3 /8 6 3124 .24 3 1 .9 7 1 2 /0 4 /8 6 3 128 .40 38 .23
1 2 /0 3 /8 6 3123 .03 3 3 .1 8 1 2 /1 5 /8 6 3127 .97 3 8 .6 6
1 2 /1 5 /8 6 3122 .80 3 3 .4 1 0 1 /2 8 /8 7 3 1 2 6 .9 6 39 .67
0 1 /2 8 /8 7 3121 .98 3 4 .2 3 0 2 /1 1 /8 7 3 126 .71 3 9 .9 2
0 2 /1 1 /8 7 3121 .83 3 4 .3 8 0 3 /2 1 /8 7 3 126 .68 3 9 .9 5
0 3 /2 1 /8 7 3 121 .78 3 4 .4 3 0 4 /2 6 /8 7 3 127 .78 3 8 .8 5
0 4 /2 7 /8 7 3 122 .50 3 3 .7 1 0 6 /0 1 /8 7 3 1 3 4 .2 8 3 2 .3 5
0 6 /0 1 /8 7 3127 .44 2 8 .7 7 0 7 /2 1 /8 7 3 132 .96 33 .67
0 7 /2 1 /8 7 3 1 2 6 .3 5 2 9 .8 6
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV29
F . Jo#«#ph  
1405 E aton
E lé v a t io n  3 1 7 4 .4 2  f t .
114
D ata
0 7 /2 5 /6 5
0 8 /2 3 /6 5
0 9 /2 5 /6 5
1 0 /2 4 /6 5
1 1 /2 6 /6 5
1 2 /3 1 /6 5
0 2 /0 6 /6 6
0 3 /0 1 /6 6
0 3 /2 6 /6 6
0 5 /0 6 /6 6
0 6 /2 0 /6 6
0 7 /2 6 /6 6
10/ 0 1 /6 6
1 0 /2 3 /6 6
1 2 /0 4 /6 6
1 2 /1 5 /6 6
0 1 /2 8 /8 7
0 2 /1 1 /6 7
0 3 /2 1 /6 7
0 4 /2 7 /6 7
0 6 /0 3 /6 7
0 7 /2 1 /6 7
c a s in g  h a lE h t + 1 .7  f t .  
SWL Depth
3 1 3 4 .7 5
3134 .64  
3 1 3 6 .0 8
3 133 .14  
3 1 3 1 .9 6  
3 130 .43  
3 1 3 0 .7 9
3 1 3 1 .2 5
3 1 3 0 .2 6
3 1 3 3 .2 2  
3 1 3 6 .6 9
3135 .64  
3 1 3 2 .6 2  
3 131 .67  
3 1 3 0 .1 1
3 1 2 9 .6 5
3 1 2 8 .5 5  
3 1 2 8 .2 8
3 1 2 6 .2 3  
3 1 2 9 .4 2
3 1 3 6 .1 5
3 1 3 4 .5 5
3 9 .6 7
3 9 .7 6  
3 8 .3 4
4 1 .2 6  
4 2 .4 6  
4 3 .9 9  
4 3 .6 3  
4 3 .1 7
4 4 .1 4  
4 1 .2 0  
3 7 .5 3
3 6 .7 6  
4 1 .6 0  
4 2 .5 5  
4 4 .3 1
4 4 .7 7
4 5 .8 7
46 .14  
4 6 .1 9  
4 5 .0 0
3 8 .2 7
3 9 .8 7
MV30
The F ir e p la c e  C enter  
3912 Brooks S t r e e t  
E le v a t io n  “  3 1 5 9 .1 5  f t . c a s in g  h e ig h t  + 2 .0  f t .
D ate SWL Depth  
t o  W
0 7 /2 5 /6 5  31 2 3 .4 3  3 5 .7 2
0 8 /2 3 /8 5  3 1 2 3 .5 6  3 5 .5 9
0 9 /2 5 /8 5  3 1 2 5 .1 0  3 4 .0 5
1 0 /2 4 /6 5  3 1 2 3 .3 5  3 5 .8 0
1 1 /2 6 /8 5  31 2 3 .4 0  3 5 .7 5
1 2 /3 1 /6 5  31 2 2 .6 0  3 6 .5 5
0 2 /0 6 /6 6  3 1 2 2 .4 5  3 6 .7 0
0 3 /0 1 /6 6  3 1 2 3 .7 5  3 5 .4 0
0 3 /2 8 /6 6  3123 .94  3 5 .2 1
0 5 /0 6 /8 6  3124 .23  3 4 .9 2
0 6 /2 0 /6 6  3 1 2 7 .7 2  3 1 .4 3
0 7 /2 6 /8 6  3 1 2 5 .3 9  3 3 .7 6
0 8 /1 5 /8 6  3123 .53  3 5 .6 2
1 0 /0 2 /6 6  3 1 2 4 .7 6  3 4 .3 9
1 0 /2 3 /6 6  3 1 2 3 .3 9  3 5 .7 6
1 2 /0 5 /6 6  3 1 2 2 .3 6  3 6 .7 9
1 2 /1 5 /6 6  31 2 2 .0 9  3 7 .0 6
0 1 /2 8 /6 7  31 2 1 .3 8  3 7 .7 7
0 2 /1 1 /8 7  31 2 1 .2 6  3 7 .8 7
0 3 /2 1 /6 7  31 2 1 .1 6  3 7 .9 7
0 4 /2 6 /6 7  3121 .92  3 7 .2 3
0 6 /0 2 /6 7  3124 .29  3 4 .8 6
0 7 /2 1 /8 7  3124 .34  3 4 .8 1
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV31
Montana Power Co. 
1903 R u s se ll  S t r e e t 115
uses
Date SWL Depth Date SUL Depth D ate SWL Depth
To GU To GW To GU
01 /01 /00 3140 .97 41 .93 10/09/62 3139.52 43 .38 0 3 /14 /72 3134.25 48.65
10/13/58 3139.29 43.61 11/17/62 5136.70 46 .20 0 6 /27 /72 3145.52 37.38
11/18/58 3136.24 4 6 .6 6 12/15/62 3135.73 47 .17 0 9 /21 /72 3140.58 42.32
0 1 /13 /59 3133.79 49.11 01 /03 /63 3135.24 47 .66 12 /21 /72 3134.88 48.02
0 2 /10 /59 3133.44 4 9 .4 6 02 /05 /63 3134.10 48 .80 0 3 /3 0 /7 3 3132.74 50.16
0 3 /03 /59 3132.97 4 9 .9 3 03 /12 /63 3135.50 47 .40 0 6 /26 /73 3141.36 41.54
0 3 /24 /59 3133.25 49 .65 04 /09 /63 3136.20 46 .70 09 /19 /73 3139.09 43.81
0 4 /14 /59 3134.30 4 8 .6 0 05 /14 /63 3137.80 45 .10 12 /04/73 3134.96 47.94
0 6 /05 /59 3140.28 4 2 .6 2 0 6 /04 /63 3142.77 4 0 .1 3 0 3 /20 /74 3134.57 48 .33
06 /30 /59 3145.48 3 7 .4 2 07 /02 /63 3144.90 38 .00 0 6 /28 /74 3144.65 38.25
07 /14 /59 3144.95 37 .95 0 7 /31 /63 3143.33 39 .57 10 /10 /74 3138.91 43 .99
08 /11 /59 3144.10 38 .80 09 /05 /63 3142.06 40.84 04 /16 /75 3133.32 49 .58
09 /15 /59 3141.80 4 1 .1 0 10/08/63 3140.43 42 .47 07 /02 /75 3144.72 38 .18
10 /13 /59 3139.66 43 .24 11/02/63 3138.08 4 4 .8 2 08 /27 /75 3141.65 41.25
11/10/59 3138.31 4 4 .5 9 11/30/63 3136.10 4 6 .8 0 11 /25/75 3137.43 45 .47
12/08/59 3136.85 46 .05 01 /31 /64 3133.35 49.55 0 2 /1 1 /7 6 3135.41 47 .49
01 /04 /60 3135.81 47 .09 03 /03 /64 3130.90 52 .00 0 5 /2 8 /7 6 3142.45 40.45
02 /12 /60 3133.75 49 .15 03 /31 /64 3132.76 50.14 0 8 /3 0 /7 6 3140.27 42.63
03 /18 /60 3132.81 50 .09 05 /01 /64 3133.73 4 9 .1 7 11 /12 /76 3137.12 45 .78
04 /13 /60 3134.46 48.44 06 /02 /64 3140.05 42 .85 0 2 /1 5 /7 7 3133.91 48 .99
05 /10 /60 3135.75 47.15 06 /30 /64 3145.30 37 .60 0 6 /2 1 /7 7 3140.37 42.53
06 /17 /60 3142.32 40 .58 09 /19 /64 3141.48 41 .42 0 9 /2 2 /7 7 3137.17 45.73
07 /05 /60 3143.67 39 .23 03/05/65 3135.00 47 .90 12 /21 /77 3134.70 48.20
08 /09 /60 3143.09 39.81 09 /03 /65 3142.47 40 .43 0 2 /1 6 /7 8 3133.86 49.04
09 /13 /60 3140.74 42 .16 03 /08 /66 3133.97 48 .93 0 5 /1 1 /7 8 3138.12 44 .78
10/11/60 3138.99 43.91 0 9 /07 /66 3140.60 42 .30 0 8 /2 4 /7 8 3139.88 43.02
11/15/60 3136.47 46 .43 12/02/66 3135.44 4 7 .4 6 12 /01 /78 3134.58 48.32
12/13/60 3134.24 46 .66 03 /08 /67 3133.02 49 .88 0 2 /2 2 /7 9 3133.74 49 .16
01/10/61 3132.84 50 .06 06 /07 /67 3141.45 41 .45 0 5 /2 3 /7 9 5138.71 44 .19
02/14/61 3131.97 50 .93 09 /13 /67 3140.46 42 .44 0 9 /2 1 /7 9 3138.24 44 .66
04/11/61 3132.40 50 .50 11/30/67 3136.15 46 .75 0 3 /12 /80 3133.04 49 .86
05/02/61 3132.89 50.01 03 /07 /68 3134.72 4 8 .1 8 0 6 /11 /80 3144.77 38.13
06/02/61 3138.30 44 .60 0 5 /29 /68 3139.25 43 .65 10 /09 /80 3137.63 45 .27
07/04/61 3143.86 39 .04 0 8 /22 /68 3141.90 41 .00 01/15/81 3134.25 48.65
08/04/61 3142.70 40 .20 12/12/68 3135.75 47 .15 04/08/81 3133.42 49 .48
10/10/61 3138.47 44 .43 03 /05 /69 3133.86 49 .04 07/16/81 3141.21 41 .69
11/14/61 3136.25 4 6 .65 0 6 /11 /69 3143.12 3 9 .7 8 0 5 /19 /82 3139.40 43.50
12/12/61 3134.30 48 .60 09 /06 /69 3140.82 4 2 .0 8 0 8 /26 /82 3139.37 43 .53
01 /09 /62 3133.05 49.85 12/18/69 3134.39 48.51 10 /12/84 3135.29 47.61
0 1 /30 /62 3132.52 50 .38 03 /12 /70 3132.59 50.31 End o f  uses d a ta
0 2 /06 /62 3132.54 50 .36 06 /25 /70 3143.29 39.61
0 3 /02 /62 3133.14 49 .76 09 /12 /70 3140.14 4 2 .76
04 /10 /62 3133.95 48.95 11/14/70 5135.81 47 .09
05 /08 /62 3137.26 45.64 02/18/71 3134.32 48 .58
06 /12 /62 3143.04 39 .86 06/03/71 3141.87 4 1 .03
07 /17 /62 3144.56 38.34 09/15/71 3140.13 4 2 .7 7
08 /17 /62 3143.63 3 9 .27 12/23/71 3133.78 4 9 .12
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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U o f  M
Datum E le v .s  3175 .99  f t
D ate SWL Depth
To GU
07/25 /85 3135 .47 40 .52
08 /23 /85 3136.10 3 9 .8 9
09 /24 /85 3136.64 39 .35
10/25/85 3135.00 4 0 .9 9
11/26/85 3134.38 41.61
12/31/85 3132.80 4 3 .1 9
02 /06 /86 3132.35 4 3 .64
03 /01 /86 3132.24 43 .75
03 /28 /86 3133 .97 4 2 .02
05 /06 /86 3134-59 4 1 .4 0
06 /20 /86 3139.40 3 6 .5 9
07 /28 /86 3136 .68 39.31
08 /15 /86 3135.23 4 0 .7 6
10/02/86 3135.07 40 .92
10 /23 /86 3133.68 42.31
10/29/86 3133 .07 4 2 .92
12/05/86 3131.49 44 .50
0 1 /28 /87 3128.14 47 .85
0 2 /11 /87 3129.61 4 6 .3 8
0 3 /22 /87 3130.32 4 5 .6 7
0 4 /27 /87 3130.15 45 .84
0 5 /06 /87 3131.40 *
0 5 /24 /87 3135.40 *
0 6 /03 /87 3136.55 39 .44
0 7 /21 /87 3135.26 4 0 .73
0 8 /24 /87 3134.32 •




01 /16 /88 3129.48 46.51
02 /09 /88 3129.30 4 6 .6 9
0 3 /16 /88 3129.23 4 6 .7 6
04 /24 /88 3130.09 4 5 .90
05 /23 /88 3134.86 4 1 .13
06 /25 /88 3137.40 •
07 /24 /88 3135.32 *
08 /26 /88 3132.32 •
09 /29 /88 3131.40 •
10/22/88 3130.73 *
11/28/88 3130.15 •
12 /18 /88 3129.90 *
0 1 /26 /89 3128,98 •
0 2 /17 /89 3128.87 47 .12
0 3 /17 /89 3129.34 46.65
0 5 /23 /89 3137.70 38 .29
0 6 /08 /89 3138.84 37.15
0 7 /14 /89 3138.30 37 .69
0 8 /20 /89 3135.65 •
0 9 /21 /89 3135.13 40 .86
10/24/89 3133.62 42 .37
12/01/89 3132.24 43.75
*SUL ta k e n  from  tra n s d u c e r  d a t a .
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV32
Storm  soMcr w ell 
Patt e e  C reek ftd. end S tevens 
E le v a tio n  3 1 ^ .9 9  f t .  c a s in g  h e i ÿ i t  ?
MV34
Madison S tre e t  M onitoring Well
E levation  ■ 3188.13 f t .
117
MV33
D ate SWL Depth
D ate SUL Depth to  GW
to  GU 12/31/85 3150.54 37 .59
08 /2 3 /8 5 3133.40 45 .59 02 /06 /86 3149.29 38 .84
09 /2 4 /8 5 3134.25 44.74 0 3 /0 1 /8 6 3149.58 38 .55
10 /25 /85 3133.14 45 .85 0 3 /28 /86 3150.73 37 .40
1 1 /26 /85 3131.74 47 .25 0 5 /06 /86 3154.04 34 .09
12 /31 /85 3130.53 46 .46 0 6 /20 /86 3156.84 31 .29
0 2 /0 6 /8 6 3130.10 48 .89 0 7 /25 /86 3152.76 3 5 .3 7
0 3 /2 8 /8 6 3130.18 48.81 0 8 /15 /86 3151.11 37 .02
0 5 /0 6 /8 6 3131.82 4 7 .1 7 10 /01 /86 3149.68 38 .45
06 /2 0 /8 6 3135.98 43.01 10 /23 /86 3148.94 39 .19
07 /2 8 /8 6 3133.94 45 .05 12 /05 /86 3146.20 41 .93
08 /1 5 /8 6 3132.03 46 .96 12 /15 /86 3145.70 42 .43
10 /02 /86 3131.45 47 .54 0 1 /2 8 /8 7 3145.43 42 .70
1 0 /23 /86 3131.61 47 .38 0 2 /1 2 /8 7 3144.73 43 .40
1 2 /4 /8 6  - O il C ontam ination 0 3 /22 /87 3144.63 43 .50
0 5 /2 6 /8 7 3128.99 50 .00  d ry 0 4 /16 /87 3144.89 43 .24
0 6 /0 3 /8 7 3133.07 45 .92 0 4 /18 /87 3145.03 4 3 .10
0 7 /2 1 /8 7 3131.98 47.01 0 4 /26 /87 3146.30 41 .83
0 6 /03 /87 3154.05 34 .08
0 7 /22 /87 3152.14 35 .99
0 7 /31 /87 3152.07 36 .06
e r  F ie ld 0 8 /16 /87 3149.76  *
ty  o f  Montana * Gardens 0 9 /16 /87 3147.69 *
n  •  3205 .16  f t .  c a s in g  heiW it 1 .5  - 2 .0  f t . 10 /16 /87 3147.58 *
11 /16 /87 3146.49 *
D ate SWL Depth 12 /19 /87 3144.64 *
to  GW 01/07 /88 3144.01 44 .12
0 8 /2 3 /8 5 3137.79 6 7 .3 7 02 /09 /88 3144.94 43 .19
0 9 /2 4 /8 5 3139.01 66 .15 03 /16 /88 3144.60 43 .53
10 /25 /85 3138.24 66.92 04 /24 /88 3147.22 40.91
11 /26 /85 3136.67 68 .49 05 /23/88 3153.33 34 .80
12 /31 /85 3135.26 69 .90 06 /16 /88 3156.08 *
0 2 /0 6 /8 6 3134.63 70.53 07 /16 /88 3153.36 •
0 3 /0 1 /8 6 3134.56 70.60 08 /16 /88 3147.25 *
0 3 /2 8 /8 6 3136.46 68 .70 09 /16 /88 3145.94 *
0 5 /0 6 /8 6 3136.19 68 .97 10/04/88 3148.78 *
0 6 /2 0 /8 6 3135.36 69 .80
0 7 /2 8 /8 6 3138.42 66 .74 02 /17 /89 3145.23 42 .90
08 /1 5 /8 6 3135.95 69.21 0 2 /2 5 /W 3145.18 42 ,95
1 0 /02 /86 3137.30 67 .86 03 /17 /89 3145.90 42 .23
1 0 /23 /86 3136.17 68 .99 04 /22 /89 3151.39 36 .74
1 2 /0 2 /8 6 3134.10 71 .06 05 /20 /89 3157.73 3 0 .40
0 4 /2 6 /8 7 3131.31 73.85 06 /16 /89 3158.30  *
0 6 /0 3 /8 7 3136.77 68 .39 07 /13 /89 3154.31 3 3 .82
0 7 /2 1 /8 7 3135.53 69 .63 08 /16 /89 3151.74 *
09 /21 /89 3152.76 3 5 .3 7
10/24/89 3150.59 37.74
10/27/89 3150.77 3 7 .36
12/01/89 3148.68 39.45
SWL ta k en  from  tra n sd u c e r  d a ta .
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV35
McCormick Pork M onitoring Well
E lev a tio n  ■ 3175,78 f t .
MV36
C reggary  Park 
E le v a tio n  * 3219 .58  f t .
1 1 8
D ate SUL Depth D ate SUL Depth
to  GU to  SU
12 /31 /85 3142.50 33 .28 12/31/85 3194,20 25 .38
0 2 /0 6 /8 6 3141.54 34.24 0 2 /0 4 /8 6 3194.20 25 .38
0 3 /0 1 /8 6 3141.46 34 .32 0 3 /0 1 /8 6 3195.18 24.40
0 3 /2 8 /8 6 3143.08 32.70 0 3 /2 8 /8 6 3194.89 24 .69
0 5 /0 6 /8 6 3145.45 30 .33 05 /0 6 /8 6 3196.46 23.12
0 5 /0 9 /8 6 3145.84 29.94 05 /0 9 /8 6 3196.83 22.75
0 6 /2 0 /8 6 3147.48 28.30 0 6 /2 0 /8 6 3197.92 21 .66
0 7 /2 5 /8 6 3145.18 30.60 0 7 /2 5 /8 6 3196.92 22 .66
0 8 /1 5 /8 6 3143.97 31.81 0 8 /15 /86 3196.68 22.90
10 /01 /86 3143.57 32.21 1 0 /01 /86 3195.81 23 .77
1 0 /23 /86 3142.14 33.64 10/23/86 3193.18 26.40
12 /06 /86 3139.66 36 .12 1 2 /05 /86 3194.29 25 .29
12 /15 /86 3139.06 36 .72 12 /15 /86 3194.36 25.22
0 1 /2 8 /8 7 3138.21 3 7 .5 7 0 1 /2 8 /8 7 3193.46 26.12
0 3 /2 2 /8 7 3138.66 37 .12 0 2 /1 2 /8 7 3193.36 26.22
0 4 /2 6 /8 7 3139.57 36.21 0 3 /2 2 /8 7 3194.98 24.60
0 6 /0 3 /8 7 3146.63 29.15 0 4 /2 6 /8 7 3195.08 24.50
0 7 /3 1 /8 7 3144.54 31.24 0 6 /0 3 /8 7 3196.83 22.75
0 1 /0 7 /8 8 3137.74 38.04 0 7 /2 1 /8 7 3196.18 23.40
0 2 /0 9 /8 8 3137.76 38.02 0 8 /1 6 /8 7 3195.91 *
0 3 /1 6 /8 8 3137.61 3 8 .1 7 0 9 /1 6 /8 7 3185.31 *
0 4 /2 4 /8 8 3140.13 35.65 1 0 /16 /87 3194.62 *
0 5 /2 3 /8 8 3145.32 30 .46 1 1 /16 /87 3194.02 *
0 6 /1 6 /8 8 3147.20 * 12 /19 /87 3193.68 25.90
0 7 /1 6 /8 8 3145.13 * 0 1 /1 6 /8 8 3193.33 *
0 8 /1 6 /8 8 3141.70 • 0 2 /0 9 /8 8 3193.29 26 .29
0 9 /1 6 /8 8 3140.40 • 0 3 /1 6 /8 8 3193.42 26 .16
0 4 /2 4 /8 8 3195.06 24.52
0 2 /1 7 /8 9 3137.91 37 .87 0 5 /2 3 /8 8 3197.25 22.33
0 3 /1 7 /8 9 3138.18 37.60 0 6 /1 6 /8 8 3197.00 •
0 4 /2 2 /8 9 3141.92 33.86 0 7 /1 2 /8 8 3195.81 *
0 5 /2 0 /8 9 3149.09 26 .69
0 6 /1 6 /8 9 3149,73 • 0 2 /1 7 /8 9 3193.17 26.41
0 7 /1 3 /8 9 3147.48 28.30 0 2 /2 4 /8 9 3192.98 26.60
0 8 /1 6 /8 9 3145.33 • 0 3 /1 7 /8 9 3193.51 26 .07
0 9 /2 1 /8 9 3144.53 31 .25 0 4 /2 2 /8 9 3195.25 24.33
10 /24 /89 3142.66 33 .12 0 5 /2 0 /8 9 3197.38 22.20
12 /01 /89 3140.88 34 .90 0 6 /1 6 /8 9 3198.79 *
0 7 /1 3 /8 9 3196.71 22.87
0 8 /1 6 /8 9 3195.41 *
0 9 /2 1 /8 9 3194.85 24.73
10 /24 /89 3194.40 25.18
12 /01 /89 3193.70 25.88
*SWL ta k e n  from  tra n sd u c e r  d a t a .
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV39
Buckhouse M onitoring Well
E lev a tio n  -  3145.67 f t .
MV40
S ta te  Lands M onito ring  Well 
E le v a tio n  = 3151.13 f t .
1 1 9
D ate
0 3 /2 8 /8 6
0 5 /0 6 /8 6
0 6 /2 0 /8 6
0 7 /2 8 /8 6
0 8 /1 5 /8 6
10/02/86
1 0 /2 3 /8 6
1 2 /15 /86
0 1 /2 8 /8 7
0 2 /1 1 /8 7
0 3 /2 1 /8 7
0 4 /2 6 /8 7
0 6 /0 2 /8 7
0 7 /2 1 /8 7
0 8 /1 6 /8 7
0 9 /1 6 /8 7
0 1 /2 6 /8 8
0 2 /1 6 /8 8
0 3 /1 6 /8 8
0 5 /0 6 /8 8
0 5 /2 3 /8 8
0 6 /1 6 /8 8
0 7 /1 6 /8 8
0 8 /1 6 /8 8
0 9 /1 6 /8 8
1 0 /16 /88
1 0 /24 /88
0 2 /1 8 /8 9
0 3 /1 5 /8 9
0 4 /2 2 /8 9
0 5 /2 0 /8 9
0 6 /1 6 /8 9
0 7 /1 4 /8 9
0 8 /1 6 /8 9
0 9 /2 1 /8 9
1 0 /24 /89
1 2 /01 /89
SWL Depth D ate SWL Depth
to  GW to  GW
3119.77 25 .90 12/31/85 3122.95 28 .18
3120.62 25.05 0 3 /2 8 /8 6 3123.99 27.14
3122.61 2 3 .06 0 5 /0 6 /8 6 3124.56 26 .57
3119.95 25 .72 0 6 /2 0 /8 6 3128.50 22.63
3119.37 26 .30 0 7 /2 8 /8 6 3126.46 24 .67
3118.36 27.31 0 8 /1 5 /8 6 3125.92 25.21
3119.13 26.54 10 /01 /86 3124.92 26.21
3118.45 27.22 10 /23 /86 3123.55 27 .58
3118.08 2 7 .59 12 /15 /86 3123.96 27.17
3118.04 27.63 0 1 /2 8 /8 7 3121.46 29.67
3118.09 2 7 .58 0 2 /1 1 /8 7 3121.35 29 .78
3119.45 26 .22 0 3 /2 1 /8 7 3121.35 29 .78
3121.16 24.51 0 4 /2 7 /8 7 3122.12 29.01
3119.64 26.03 0 6 /0 3 /8 7 3127.44 23 .69
3119.36  * 0 7 /2 1 /8 7 3126.15 24.98
3118.80  * 0 8 /1 6 /8 7 3126.00 *
0 9 /1 6 /8 7 3125.00 *
3117.78 2 7 .89 10 /16 /87 3123.80 *
3117.91 2 7 .76 11 /07 /87 3123.00 *
3117 .87 2 7 .80 11 /25 /87 3122.65 *
3119.16 26.51 12 /16 /87 3122.08 *
3120.92 24.75 0 1 /2 3 /8 8 3121.23 29.90
3121.86  • 0 2 /1 6 /8 8 3121.17 29.96
3119.36  * 0 3 /1 6 /8 8 3121.15 29.98
3117.36  * 0 4 /2 8 /8 8 3122.43 28.70
3117.06  * 0 5 /2 3 /8 8 3126.39 24.74
3117.76  * 0 6 /1 6 /8 8 3127.47  *
3117.66  • 0 7 /1 6 /8 8 3125.61 *
0 8 /1 6 /8 8 3124.02 *
3117.77 27 .90 0 9 /1 6 /8 8 3123.27  *
3118.56 27.11 0 9 /3 0 /8 8 3123.00 *
3120.33 25 .34
3121.57 24.10 0 2 /1 8 /8 9 3120.95 30 .18
3123.36  * 0 3 /1 7 /8 9 3121.61 29.52
3120.48 25 .19 0 4 /2 2 /8 9 3122.73 28.40
3119.46  * 0 5 /2 3 /8 9 3127.40 23.73
3119.56 26.11 0 6 /1 6 /8 9 3128.46 *
3118.73 26.94 07 /14 /89 3127.53 23.60
3118.59 27 .08 0 8 /1 6 /8 9 3125.95 *
0 9 /2 2 /8 9 3124.88 26.25
10/24/89 3123.38 27.75
12 /01 /89 3122.65 28.48
*SWL ta k e n  from  tra n s d u c e r  d a t a .
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MV41
Blaine/Crosby Monitoring Wall
Elevation - 3200 ft. (approx.)
MV42
South A va /B a n cro ft M on itoring  W all 
E le v a t io n  -  3190 f t .  (a p p ro x .)
MV44
S t .  Marys C aoatary - 
E le v a t io n  ”  3 1 9 7 .5 2
East 1 2 0
D ata SWL Depth D ate SWL Depth
t o  GW To GW
0 7 /2 8 /8 6 3137 .94 6 2 .0 6
0 8 /1 5 /8 6 3 136 .07 6 3 .9 3 0 9 /2 7 /8 9 3142 .07  5 5 .4 5
1 0 /0 2 /8 6 3 1 3 5 .9 2 6 4 .0 8 1 0 /1 7 /8 9 o i l  s ta n d in g  on w ater sur
1 0 /2 3 /8 6 3 1 3 4 .5 1 6 5 .4 9 w a ste  o i l  from m achinery
1 2 /0 5 /8 6 31 2 9 .0 0 71.00 dry? on f lo o r  and en tered  w e l l
1 2 /1 5 /8 6 3 1 3 1 .9 6 6 8 .0 4 stop p ed  m on itorin g
0 2 /1 1 /8 7 3 1 3 0 .5 1 6 9 .4 9
0 3 /2 1 /8 7 3 1 3 1 .1 3 6 8 .8 7
0 4 /2 6 /8 7 3 130 .83 6 9 .1 7
0 6 /0 3 /8 7 3 1 3 7 .5 5 6 2 .4 5 MV45
S t .  Marys C aoatary -  West (Annex) 
E le v a t io n  •  31S S .06
Data SWL Depth 
To (M
D ate SWL Depth 0 9 /2 7 /8 9 3141 .06 4 7 .0 0
t o  GW 1 0 /1 7 /6 9 3 139 .98 4 6 .0 8
0 7 /2 8 /8 6 3 1 3 6 .4 1 5 3 .5 9 1 2 /0 1 /8 9 3 137 .89 50 .17
0 8 /1 5 /8 6 3 1 3 4 .4 3 55 .57
1 0 /0 2 /8 6 3 135 .01 5 4 .9 9
1 0 /2 3 /8 6 3 1 3 3 .6 0 5 6 .4 0 MV46
1 2 /0 5 /8 6 3 1 3 1 .6 2 5 6 .3 8 C ity  Cemetery
1 2 /1 5 /8 6 3 1 3 1 .1 8 5 8 .8 2 E le v a t io n  = 3189 .:19
0 1 /2 8 /8 7 3 129 .83 6 0 .1 7
0 2 /1 1 /8 7 3 1 2 9 .6 0 6 0 .4 0 D ate SWL Depth
0 3 /2 1 /8 7 3 1 2 9 .0 8 6 0 .9 2 To GW
0 6 /0 3 /8 7 3 1 3 5 .7 5 5 4 .2 5 0 9 /3 0 /8 9 3 140 .09 49 .10
0 7 /3 1 /8 7 3 1 3 4 .4 1 5 5 .5 9 1 0 /1 7 /8 9 3139 .01 5 0 .1 8
1 2 /0 1 /8 9  3136 .95 52 .24
MV43
County C ourthouse w a ll  
E le v a t io n  “  3 1 8 8 .3 3
D ate
0 9 /2 7 /8 9
1 0 /1 8 /8 9
1 2 /0 1 /8 9
SWL
3 1 4 2 .6 6
3 1 4 1 .6 4
3 1 3 9 .6 1
Depth  
To GW 
4 5 .6 7  
4 6 .4 9  
4 8 .7 2
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
1 2 1
Mountain Water Company (MWC) Well Data
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NWC3
South Ave 
E le v a tio n  3194.45
D ate
NWC4
E ast M issou la South Well 
E le v a tio n  = 3 2 8 0 ft
1 2 2
10 /31 /84
0 1 /1 2 /8 5
0 2 /2 2 /8 5
0 2 /2 8 /8 5
0 3 /2 2 /8 5
0 4 /2 4 /8 5
0 5 /2 3 /8 5
06 /30 /85
07 /17 /85





0 1 /2 4 /8 6
0 2 /2 5 /8 6
0 3 /2 1 /8 6
0 4 /2 4 /8 6
0 5 /2 2 /8 6
0 6 /2 5 /8 6
0 7 /2 9 /8 6
0 8 /2 4 /8 6
0 9 /2 4 /8 6
1 0 /23 /86
1 1 /27 /86
12 /17 /86
0 1 /2 8 /8 7
0 2 /2 2 /8 7
0 3 /2 5 /8 7
0 5 /0 1 /8 7
0 5 /2 2 /8 7
0 6 /2 5 /8 7
0 7 /2 1 /8 7
0 8 /2 6 /8 7
0 9 /2 4 /8 7
1 0 /30 /87
1 1 /2 4 /8 7
1 2 /2 2 /8 7
0 1 /2 7 /8 8
0 2 /2 4 /8 8
0 3 /3 0 /8 8
0 4 /2 6 /8 8
0 5 /2 1 /8 8
0 6 /2 2 /8 8
0 7 /2 2 /8 8
0 8 /2 6 /8 8
0 9 /2 8 /8 8
1 0 /26 /88
1 1 /24 /88
1 2 /1 5 /8 8
0 1 /2 4 /8 9
0 2 /2 4 /8 9
0 3 /2 8 /8 9
0 6 /1 0 /8 9
0 8 /0 3 /8 9









to  GW 
( s t a t i c )
70 .00























































6 2 .00  
62 .00
57 .00





























61 .00  
62 .00  
62 .00
D ate SWL Depth to  GW 
































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MWC 7
Montana Power Co. 
R u sse ll S t .  
E le v a tio n  3 1 8 2 .9
123
D ate SWL Depth D ate SWL Depth
TO GW TO GU
0 4 /0 9 /7 7 3135.40 47 .50 06 /25 /86 3139.07 43 .83
0 7 /0 4 /7 7 3140.23 4 2 .6 7 07 /30 /86 3136.98 4 5 .9 2
0 9 /1 5 /7 7 3137.48 4 5 .4 2 0 8 /2 4 /8 6 3134.90 4 8 .00
1 0 /2 3 /7 7 3136.98 4 5 .92 10/02/86 3135.23 4 7 .6 7
1 2 /1 4 /7 7 3134.82 48 .08 10 /23/86 3133.73 4 9 .1 7
0 1 /1 1 /7 8 3134.90 48 .00 11 /27/86 3131.90 51 .00
0 3 /0 1 /7 8 3134.23 4 8 .6 7 1 2 /17 /86 3130.32 52 .58
0 5 /2 5 /7 8 3141.15 41 .75 0 1 /2 8 /8 7 3130.07 52.83
0 7 /1 9 /7 8 3144.07 3 8 .83 0 2 /2 2 /8 7 3129.65 53.25
1 1 /3 0 /7 8 3134.90 4 8 .00 0 3 /2 4 /8 7 3130.98 51 .92
0 3 /1 4 /7 9 3133.73 4 9 .1 7 0 5 /0 6 /8 7 3131.40 5 1 .50
0 6 /1 1 /7 9 3140.57 4 2 .33 0 5 /24 /87 3135.40 4 7 .50
0 1 /1 0 /8 0 3133.90 49 .00 0 6 /22 /87 3137.23 4 5 .6 7
0 8 /1 2 /8 0 3139.90 4 3 .00 0 7 /22 /87 3135.48 47 .42
12 /03 /80 3135.15 47 .75 0 8 /24 /87 3134.32 48 .58
08/07/81 3140.32 4 2 .5 8 0 9 /2 5 /8 7 3132.90 5 0 .00
11/26/81 3136.90 4 6 .00 10 /30 /87 3131.73 5 1 .1 7
02 /18 /82 3135.23 4 7 .67 11 /22/87 3130.82 5 2 .08
0 6 /0 3 /8 2 3141.65 41 .25 12 /22 /87 3130.07 52 .83
0 9 /2 1 /8 2 3138.73 4 4 .1 7 0 1 /27 /88 3129.73 5 3 .1 7
02 /2 6 /8 3 3135.07 47 .83 02 /25 /88 3130.90 52 .00
11 /29 /83 3133.90 49 .00 03 /24 /88 3130.57 52 .33
04 /20 /84 3132.90 50.00 04 /28 /88 3130.90 52 .00
0 6 /16 /84 3139.57 43 .33 05 /24 /88 3134.98 47 .92
10 /28 /84 3134.23 4 8 .6 7 06 /25 /88 3137.40 45 .50
0 1 /1 0 /8 5 3131.07 51.83 07 /24 /88 3135.32 4 7 .58
0 3 /0 1 /8 5 3130.73 5 2 .1 7 08 /26 /88 3132.32 5 0 .58
0 3 /2 3 /8 5 3130.73 5 2 .17 09 /29 /88 3131.40 51 .50
0 4 /2 8 /8 5 3132.90 50 .00 10 /22/88 3130.73 5 2 .1 7
0 5 /2 5 /8 5 3136.23 4 6 .6 7 11 /28/88 3130.15 52.75
0 6 /2 6 /8 5 3138.15 44 .75 12 /18 /88 3129.90 53 .00
0 7 /1 7 /8 5 3136.07 46 .83 0 1 /26 /89 3128.98 53.92
0 8 /2 4 /8 5 3136.32 46 .58 02 /27 /89 3128.90 54.00
0 9 /25 /85 3136.82 4 6 .0 8 0 3 /07 /89 3128.98 53.92
10 /29 /85 3134.65 48.25 0 3 /25 /89 3129.48 53.42
11 /20 /85 3134.07 48 .83 04 /27 /89 3132.15 50.75.
12 /14 /85 3133.23 4 9 .6 7 06 /09 /89 3138.90 4 4 .00
0 1 /2 4 /8 6 3132.82 50 .08 0 7 /23 /89 3137.90 45.00
0 2 /2 5 /8 6 3132.07 50 .83 08 /20 /89 3135.65 47.25
0 3 /1 8 /8 6 3133.90 49 .00 0 9 /28 /89 3134.90 48.00
0 4 /2 4 /8 6 3134.73 48 .17
0 5 /2 2 /8 6 3135.90 4 7 .00
NWC11
Agnes
E le v a tio n * 3190 f t .
D ate SWL
Depth 
to  GU 
( s t a t i c )
02/07/81 3127.33 6 2 .6 7
08/18/81
12/03/81 3129.08 6 0 .92
0 3 /19 /82 3127.33 6 2 .6 7
0 6 /03 /82 3133.00 57 .00
09 /14 /82 3130 .67 59 .33
02 /26 /83 3126 .17 63.83
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NWC12
5th  and Idaho 
E le v a tio n  *  3 2 8 0 f t .
1 2 4
D ate SUL Depth 
to  GW
D ate SWL Depth 
to  GW
( s t a t i c ) ( s t a t i c )
.SSSSSZSSS
12/14/75 3217.83 6 2 .1 7 0 5 /21 /86 3212 6 7 .33
02 /26 /77 3212.00 68 .00 0 6 /25 /86 3210 69 .75
05 /14 /77 3213.83 6 6 .1 7 0 7 /25 /86 3211 68 .50
07 /06 /77 3213.50 6 6 .5 0 0 8 /22 /86 3209 70.50
09 /15 /77 3202.00 78 .00 09 /26 /86 3208 71.50
11/01/77 3214.58 65 .42 10 /22/86 3207 72.50
12/14/77 3211.58 68 .42 11 /26/86 3205 74.33
01 /12 /78 3211 .58 6 8 .42 12 /18/86 3204 75.42
03 /08 /78 3210.33 6 9 .6 7 0 1 /2 8 /8 7 3206 73.75
05 /28 /78 3218.00 62 .00 0 2 /2 2 /8 7 3204 7 5 .17
0 7 /19 /78 3216.08 6 3 .92 0 3 /2 4 /8 7 3203 76.42
11/30/78 3211.17 6 8 .83 0 4 /3 0 /8 7 3207 72.33
03 /22 /79 3212.00 68 .00 0 5 /2 8 /8 7 3213 66 .92
0 8 /09 /79 3213.50 66 .50 0 6 /2 2 /8 7 3213 67 .00
01 /11 /80 3209.83 70 .17 0 7 /22 /87 3211 68 .50
03 /14 /80 3213.75 66 .25 0 8 /24 /87 3210 69 .83
12/04/80 3211.50 68 .50 0 9 /2 4 /8 7 3209 70.83
02/05/81 3210.58 69 .42 10 /30 /87 3208 71.83
08/07/81 3213.17 66 .83 11 /18 /87 3207 72.83
11/24/81 3212.00 68 .00 12/22/87 3206 73.67
02/18/82 3212.75 67 .25 01 /26 /88 3206 73.25
05/28/82 3217.58 62 .42 0 2 /23 /88 3206 73.83
09/16/82 3212.25 67 .75 03 /22 /88 3205 74.08
02/18/83 3211.67 68 .33 04 /28 /88 3208 71.42
12/01/83 05 /24 /88 3212 67.33
04/19/84 3220.67 59.33 06 /24 /88 3213 66.25
06/16/84 07 /21 /88 3211 68.75
10/27/84 3211.00 69 .00 08 /25 /88 3207 72.67
01/08/85 3208.83 7 1 .17 09 /28 /88 3205 74.42
02/28/85 3209.00 71.00 10 /21 /88 3206 73.08
03/23/85 3209.33 7 0 .67 11 /22 /88 3207 72.67
04/25/85 3211.00 69 .00 12 /14 /88 3206 73.33
05/23/85 3214.08 65 .92 0 1 /24 /89 3206 73.42
06 /26 /85 3214.33 6 5 .67 0 2 /22 /89 3207 72.83
07/17/85 3212.06 67 .92 0 3 /23 /89 3207 72.50
08 /22 /85 3211.25 68 .75 0 4 /21 /89 3210 69 .92
09 /25 /85 3211.92 6 8 .08 0 6 /08 /89 3215 64 .50
10 /24/85 3211.58 68 .42 06 /22 /89 3216 64 .00
11 /26/85 3210.67 69 .33 0 8 /02 /89 3212 68.00
12/13/85 3211.67 68 .33 0 8 /20 /89 3210 69.33
0 1 /2 8 /8 6 3211.83 6 8 .17 09 /28 /89 3211 68.42
0 2 /2 0 /8 6 3210.67 69 .33
0 3 /2 1 /8 6 3211.92 6 8 .08
0 4 /2 3 /8 6 3211.75 68 .25
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MUCH
So. R u sse ll 
E le v a tio n
39 th  
3 176 .99
125
D ate SUL D epth to D ate SUL Depth to
GU GU
( S t a t i c ) ( s t a t i c )
s s s s s s s s s s • . 9 9 9 9 m U 9 9 9 S S S S S S S S 8 :ss**e*me*
0 2 /2 6 /7 7 3128 .82 4 8 .1 7 0 5 /2 1 /8 6 3133.99 43 .00
0 5 /10 /77 3128 .66 4 8 .33 06 /2 5 /8 6 3133.99 43 .00
0 7 /06 /77 3133 .99 4 3 .00 07 /3 0 /8 6 3131.99 45 .00
0 8 /30 /77 3131.32 4 5 .6 7 08 /24 /86 3129.99 47 .00
11 /01/77 3130.82 4 6 .1 7 07 /26 /86 3130.99 46 .00
12 /14/77 3130.82 4 6 .1 7 10 /23 /86 3129.99 47 .00
0 1 /11 /78 3129.41 4 7 .5 8 11 /25 /86 3129.99 47 .00
03 /08 /78 3129.16 47 .83 12 /17/86 3126.99 50.00
07 /1 9 /7 8 3136 .99 4 0 .00 0 1 /2 7 /8 7 3126.99 50.00
12 /01/78 3132.74 44 .25 0 2 /2 2 /8 7 3125,99 51.00
0 3 /1 5 /7 9 3129.16 4 7 .83 03 /2 4 /8 7 3127.99 49 .00
0 8 /1 0 /7 9 3133 .49 43 .50 04 /2 4 /8 7 3126.99 50 .00
01 /10 /80 3128 .99 4 8 .0 0 0 5 /2 2 /8 7 3130.99 46 .00
08 /12 /80 3134 .16 4 2 .83 0 6 /2 2 /8 7 3131.99 4 5 .M
12/03/80 3130 .57 4 6 .42 0 7 /2 1 /8 7 3130.99 4 6 .00
02/04/81 3125 .66 51 .33 0 8 /2 1 /8 7 3129.99 47 .00
08/08/81 0 9 /2 4 /8 7 3128.99 48 .00
02 /18 /82 10 /29 /87 3128.99 48 .00
06 /03 /82 11 /22 /87 3126.99 50 .00
09 /14 /82 12 /22 /87 3126.99 50 .00
02 /17 /83 0 1 /20 /88 3124.99 52.00
12/01/83 0 2 /23 /88 3125.99 51.00
04 /18 /84 0 3 /24 /88 3125.99 51.00
06 /18 /84 04 /26 /88 3126.99 50.00
10/28/84 0 5 /20 /88 3128.99 48.00
01 /08 /85 0 6 /22 /88 3131.99 45 .00
02 /28 /85 0 7 /22 /88 3129.99 47 .00
03 /21 /85 0 8 /25 /88 3128.99 48 .00
0 4 /28 /85 09 /27 /88 3120.99 56.00
0 5 /23 /85 10 /24 /88 3120.99 56.00
06 /26 /85 11 /24 /88 3125.99 51.00
07 /17 /85 12 /14 /88 3124.99 52.00
08 /23 /85 0 1 /2 5 /8 9 3123.99 53.00
09 /24 /85 0 2 /2 3 /8 9 3121.99 55.00
10/24/85 3 130 .99 46 .00 0 3 /2 2 /8 9 3123.99 53 .00
11/20/85 3130 .99 46 .00 0 4 /2 7 /8 9 3128.57 48 .42
12/12/85 3130.99 46 .00 0 6 /1 0 /8 9 3122.99 54.00
0 1 /2 4 /8 6 3129.99 47 .00 0 6 /2 3 /8 9 3123.99 53.00
02 /20 /86 3127.99 49 .00 0 7 /2 3 /8 9 3120.99 56.00
03 /11 /86 3129.99 47 .00 0 9 /0 1 /8 9 3120.99 56.00
04 /24 /86 3130.99 46 .00 0 9 /27 /89 3119.99 57.00
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NUC16
24th  and B rig g s 
E le v a tio n  3165.14
126
D ate SUL Depth to  GW 
( s t a t i c )
SS8BSSSSSSSSxasssssssssszx
02/04/81 3124.31 40 .83 12 /17 /88 3121.89
08/08/81 3126.72 38 .42 0 1 /2 5 /8 9 3121.31
11/26/81 3125.31 39 .83 0 2 /2 3 /8 9 3120.97
02 /23 /82 3125 .47 3 9 .6 7 0 3 /2 3 /8 9 3121.72
05 /28 /82 3129.14 3 6 .00 0 4 /2 7 /8 9 3123.39
09 /14/82 3126.64 38 .50 0 6 /1 0 /8 9 3127.31
02 /26 /83 3124.31 40 .83 0 7 /24 /89 3126.31
12 /01 /83 3124.14 41 .00 0 8 /2 1 /8 9 3124.72
04 /19 /84 3123.81 41 .33 0 9 /2 7 /8 9 3124 .47
06 /15 /84 3128.14 37.00
1 0 /28 /84 3124 .39 40 .75
01 /08 /85 3122.64 42 .50
02 /28 /85 3122.31 42 .83
03 /21 /85 3122.31 4 2 .83
04 /28 /85 3123 .39 41.75
05 /23 /85 3125.14 40 .00
06 /30 /85 3126.14 39 .00
0 7 /17 /85 3124.56 4 0 .5 8
08 /23 /85 3125.81 39 .33
0 9 /25 /85 3126 .06 3 9 .0 8
10/23/85 3125.31 39.83
11/20/85 3124.64 4 0 .5 0
12/13/85 3123.81 41 .33
0 1 /2 2 /8 6 3123.22 41 .92
0 2 /2 0 /8 6 3123.64 41 .50
0 3 /1 1 /8 6 3125 .47 3 9 .6 7
0 3 /1 4 /8 6 3 125 .47 3 9 .6 7
0 4 /2 4 /8 6 3125.14 4 0 .00
0 5 /2 1 /8 6 3125 .47 3 9 .6 7
0 6 /2 5 /8 6 3128.14 37 .00
07 /30 /86 3126.14 39 .00
0 8 /2 4 /8 6 3124.81 40 .33
0 9 /2 6 /8 6 3125.97 3 9 .1 7
10 /23 /86 3124.47 4 0 .6 7
11 /25 /86 3124.14 41 .00
12 /17 /86 3122 .72 42 .42
0 1 /2 7 /8 7 3122.31 42 .83
0 2 /2 2 /8 7 3122.06 4 3 .0 8
0 3 /2 4 /8 7 3122.06 4 3 .0 8
0 4 /2 4 /8 7 3122 .47 4 2 .6 7
0 5 /2 2 /8 7 3124 .97 4 0 .1 7
0 6 /2 2 /8 7 3126.64 38.50
0 7 /2 1 /8 7 3125.22 3 9 .92
0 8 /2 4 /8 7 3124.22 4 0 .9 2
0 9 /2 4 /8 7 3123.72 4 1 .4 2
1 0 /23 /87 3123.06 4 2 .0 8
1 1 /22 /87 3122.31 4 2 .83
1 2 /2 8 /8 7 3122.14 4 3 .00
0 1 /2 0 /8 8 3122.14 4 3 .00
0 2 /2 3 /8 8 3121.81 4 3 .33
0 3 /2 4 /8 8 3121.81 4 3 .33
0 4 /2 8 /8 8 3122 .89 42 .25
0 5 /2 0 /8 8 3124.64 4 0 .50
0 6 /2 2 /8 8 3126.64 3 8 .50
0 7 /2 2 /8 8 3124.81 4 0 .33
0 8 /2 5 /8 8 3122 .89 42 .25
0 9 /2 7 /8 8 3123 .06 4 2 .0 8
1 0 /2 4 /8 8 3122 .22 4 2 .92
1 1 /2 6 /8 8 3122.14 4 3 .00
43.25
43 .83  
44 .17






R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NUC17
MOMONT (INDUSTRIAL PARK) 
E le v a tio n  3231.73
127
D ate SWL Depth to D ate SUL Depth to
GU GU
( S t a t i c ) ( s t a t i c )
sxaBxxxacaEaB
11/03/75 0 6 /2 7 /8 6 3121.23 110.50
0 3 /0 1 /7 7 3120 .23 111.50 0 7 /29 /86 3121.40 110.33
0 5 /1 9 /7 7 3119 .06 112.67 08 /23 /86 3123.23 108.50
0 7 /0 4 /7 7 3121 .73 110.00 10 /06 /86 3122.40 109.33
0 9 /1 5 /7 7 3120 .98 110.75 10 /25 /86 3122.56 109.17
11 /01/77 3119.65 112.08 11 /26 /86 3121.56 110.17
1 2 /14 /77 12 /19 /86 3120.06 111.67
01 /12 /78 0 1 /28 /87 3118.65 113.08
0 7 /1 3 /7 8 3127.73 104.00 0 2 /2 5 /8 7 3117.56 114.17
12 /02 /78 3123.56 108.17 0 3 /2 6 /8 7 3116.90 114.83
0 3 /1 3 /7 9 3119.31 112.42 0 5 /0 6 /8 7 3116.81 114.92
0 8 /1 1 /7 9 3127.23 104.50 0 6 /1 7 /8 7 3117.23 114.50
0 1 /11 /80 3120.06 111.67 0 6 /2 5 /8 7 3119.56 112.17
0 8 /1 2 /8 0 3126.40 105.33 0 7 /2 4 /8 7 3120.06 111.67
12 /04 /80 3122.73 109.00 0 8 /21 /87 3119.48 112.25
02/04/81 3120 .06 111.67 0 9 /3 0 /8 7 3119.65 112.08
08/08/81 3123.73 108.00 10 /31 /87 3118.06 113.67
12/01/81 3120.15 111.58 11 /24 /87 3117.23 114.50
02 /26 /82 3119 .06 112.67 12 /24 /87 3116.23 115.50
05 /25 /82 3120.56 111.17 0 1 /2 1 /8 8 3115.81 115.92
09 /21 /82 3124.73 107.00 0 2 /2 4 /8 8 3116.15 115.58
02 /24 /83 3119.23 112.50 0 3 /2 2 /8 8 3114.06 117.67
12/08/83 3121.23 110.50 04 /29 /88 3114.23 117.50
04 /20 /84 3117.73 114.00 05 /24 /88 3115.06 116.67
06 /13 /84 3121.23 110.50 07 /06 /88 3118.65 113.08
11/01/84 3121.40 110.33 07 /22 /88 3117.73 114.00
01 /08 /85 3118 .56 113.17 08 /25 /88 3116.65 115.08
03 /01 /85 3117 .06 114.67 09 /28 /88 3117.31 114.42
03 /29 /85 3116.73 115.00 10/27/88 3117.23 114.50
04 /30 /85 3116 .98 114.75 11 /28/88 3116.31 115.42
07/02/85 3118.73 113.00 12 /15 /88 3115.73 116.00
0 7 /1 6 /8 5 3120.65 111.08 0 1 /2 5 /8 9 3114.56 117.17
08 /21 /85 3121.73 110.00 0 2 /2 4 /8 9 3114.06 117.67
09 /25 /85 3122.23 109.50 0 3 /2 5 /8 9 3113.90 117.83
10 /22 /85 3122.40 109.33 0 4 /27 /89 3115.56 116.17
11 /20 /85 3121.73 110.00 0 6 /08 /89 3116.06 115.67
12/18/85 3120.40 111.33 0 6 /2 3 /8 9 3118.40 113.33
0 1 /2 8 /8 6 3118.73 113.00 0 8 /03 /89 3119.15 112.58
0 2 /2 0 /8 6 3117.73 114.00 0 8 /2 2 /8 9 3119.98 111.75
0 3 /2 4 /8 6 3118.73 113.00 0 9 /3 0 /8 9 3119.40 112.33
0 4 /2 5 /8 6 3118 .98 112.75
0 5 /2 1 /8 6 3120.23 111.50
NWC18
G h a rre tt  S t .  
E le v a tio n  = 3156.74
D ate SUL Depth to  GU 
( s t a t i c )
SSBSSSSSSSSS
1 2 /16 /88 3120.07 3 6 .6 7
0 1 /2 5 /8 9 3119.57 3 7 .1 7
0 2 /2 3 /8 9 3119.49 37.25
0 3 /2 3 /8 9 3119.91 36 .83
0 4 /2 7 /8 9 3121.99 34.75
0 6 /1 0 /8 9 3125.49 31.25
0 6 /2 3 /8 9 3125.91 30.83
0 7 /2 3 /8 9 3123.91 32.83
0 8 /2 1 /8 9 3122.57 3 4 .1 7
0 9 /2 6 /8 9 3122.16 34 .58
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MWC19 
NO.MJSSELL 
E le v a tio n  3192 .08
1 2 8
D ate SWL Depth to D ate SWL Depth to
6W GU
( s t a t i c ) ( s t a t i c )
sssx x ssss
0 2 /26 /77 3139.08 53 .00 05 /23 /86 3142.66 49 .42
0 5 /1 4 /7 7 3142.25 49 .83 0 6 /2 7 /8 6 3146.66 45.42
0 7 /0 6 /7 7 3146.66 4 5 .4 2 07 /29 /86 3142.91 4 9 .17
0 9 /1 5 /7 7 3143.58 48 .50 0 8 /22 /86 3138.75 53.33
11 /01 /77 3141.16 50.92 10 /06 /86 3141.33 50.75
12 /14 /77 3139.83 52.25 10 /23 /86 3138.91 53 .17
0 1 /1 2 /7 8 3139.33 52.75 11 /26 /86 3137.08 55 .00
0 3 /0 1 /7 8 3138.75 53 .33 12 /20 /86 3136.08 56 .00
0 5 /2 8 /7 8 3146.58 45 .50 0 1 /2 9 /8 7 3134.83 57.25
0 7 /1 8 /7 8 3149,00 4 3 .0 8 0 2 /2 4 /8 7 3134.25 57 .83
11 /30 /78 3140.00 5 2 .08 0 3 /2 6 /8 7 3134.75 57.33
0 3 /1 3 /7 9 3139.58 5 2 .50 0 5 /0 6 /8 7 3138.91 53 .17
0 8 /1 1 /7 9 3144.25 47 ,83 05 /2 3 /8 7 3142.83 49.25
01 /09 /80 3137.91 54 .17 0 6 /2 2 /8 7 3143.16 48 .92
08/15/80 3145.33 46 .75 0 7 /2 4 /8 7 3141.33 50.75
12/02/80 3139.66 52 .42 0 8 /2 4 /8 7 3139.58 52.50
08/11/81 3147.00 4 5 .08 0 9 /3 0 /8 7 3138.41 53 .67
12/03/81 3141.91 50 .17 10 /28 /87 3137.08 55.00
02 /18 /82 3141.41 5 0 .67 11 /22 /87 3136.83 55.25
05 /26 /82 3146.75 45 .33 12 /28 /87 3134.50 57 .58
09 /18 /82 3143.91 4 8 .17 0 1 /2 0 /8 8 3154.83 57.25
03 /03 /83 3140.08 52 .00 0 2 /2 5 /8 8 3134.50 57 .58
12 /13/83 3138.25 53 .83 0 3 /2 2 /8 8 3134,41 57 .67
04 /19 /84 3139.08 53 .00 0 4 /28 /88 3137.08 55 .00
06 /13 /84 3145.33 46 .75 05 /24 /88 3141.41 50 .67
10/28/84 3139.41 52 .67 0 6 /2 4 /8 8 3144.00 48 .08
01/11/85 3134.75 57 .33 07 /22 /88 3141.41 50 .67
03/01/85 3133.83 58 .25 08 /25 /88 3137.91 54 .17
03 /29 /85 5134.75 57 .33 09 /30 /88 3136.08 56.00
04 /30 /85 3139.75 52 .33 10 /24 /88 3136.33 55.75
05 /25 /85 3143.75 48 .33 11 /28 /88 3135.58 56.50
07 /02 /85 3143.66 48 .42 12 /17 /88 3134.91 57 .17
07 /16 /85 3143.25 48 .83 0 1 /28 /89 3133.58 58.50
08 /22 /85 3141.41 50 .67 0 2 /24 /89 3134.00 58 .08
09 /26 /85 3142.00 50 .08 0 3 /25 /89 3134.58 57.50
10/25/85 3140.66 51.42 0 4 /27 /89 3140.00 52 .08
11/20/85 3139 .58 52 .50 06 /08 /89 3145.33 46.75
12 /14/85 3138.58 53 .50 06 /2 4 /8 9 3146.16 45.92
01 /2 8 /8 6 3138.08 54 .00 0 8 /04 /89 3142.91 49 .17
02 /2 0 /8 6 3137.33 54.75 08 /24 /89 3141.33 50.75
03 /1 2 /8 6 3139.00 53 .08 09 /30 /89 3140.75 51.33
03 /1 4 /8 6 3139.25 52.83
0 3 /1 8 /8 6 3139 .50 52 .58
04 /2 6 /8 6 3141.25 50 .83
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NUC20
C a t l in  So. o f  14th 
E le v a tio n  5179 .23
129
D ate SWL Depth to D ate SWL Depth to
GW GW
{ s t a t i c ) ( S t a t i c )
:8SaUB«as«SS BZSSSKaSSB■SBBBXS3SS
10/02/75 3141.23 38 .00 0 4 /24 /86 3137.81 41 .42
0 2 /2 6 /7 7 3136.73 4 2 .5 0 0 5 /22 /86 3139.73 39 .50
05 /1 4 /7 7 3140.98 38 .25 0 6 /2 5 /8 6 3141.73 37 .50
0 7 /0 4 /7 7 3142.90 3 6 .33 0 7 /2 5 /8 6 3140.23 39 .00
0 9 /1 5 /7 7 3140.31 38 .92 0 8 /2 4 /8 6 3137.98 41.25
11 /01 /77 3138.73 4 0 .50 0 9 /2 5 /8 6 3138.06 41 .17
12 /14 /77 3137.48 41 .75 10 /22 /86 3136.23 43.00
01 /11 /78 3137.65 4 1 .5 8 11 /30 /86 3134.23 45 .00
03 /01 /78 3136.90 4 2 .33 12 /17 /86 3133.56 45 .67
05 /28 /78 3144.06 35 .17 0 1 /2 7 /8 7 3132.56 4 6 .67
07 /18 /78 3144.23 35 .00 0 2 /2 2 /8 7 3132.06 4 7 .17
11 /30 /78 3137.98 41 .25 0 3 /2 4 /8 7 3132.31 46.92
0 3 /13 /79 3136.23 43 .00 0 5 /01 /87 3134.65 44 .58
0 8 /12 /79 3142.06 3 7 .1 7 0 5 /28 /87 3139.98 39.25
0 1 /11 /80 3136.56 4 2 .6 7 0 6 /22 /87 3140.40 38.83
0 8 /12 /80 3142.31 36 .92 0 7 /22 /87 3138.81 40 .42
12/03/80 3137.40 4 1 .83 0 8 /23 /87 3137.15 42 .08
02/05/81 3136.40 42 .83 0 9 /2 4 /8 7 3135.81 43.42
08/08/81 3142.15 3 7 .0 8 10 /28 /87 3134.56 44 .67
12/01/81 3138.90 40 .33 11 /22 /87 3133.48 45 .75
02 /25 /82 3139.06 4 0 .1 7 12/22/87 3131.48 47.75
0 5 /26 /82 3143.65 3 5 .5 8 0 1 /20 /88 3132.56 4 6 .67
0 9 /21 /82 3140.98 38 .25 02 /24 /88 3131.98 47.25
0 2 /17 /83 3137.73 41 .50 03 /22 /88 3132.15 47 .08
11/29/83 3136.40 42 .83 04 /26 /88 3134.23 45 .00
04 /24 /84 3137.06 4 2 .1 7 05 /24 /88 3139.23 40 .00
10/25/84 3136.90 42 .33 06 /24 /88 3140.81 38.42
0 1 /08 /85 3133.73 45 .50 07 /22 /88 3138.23 41.00
02 /27 /85 3133.23 46 .00 08 /24 /88 3135.56 4 3 .67
0 3 /23 /85 3133.73 45 .50 0 9 /27 /88 3134.23 45 .00
0 4 /28 /85 3136.56 4 2 .6 7 10 /24 /88 3133.73 45 .50
05 /23 /85 3141.23 38 .00 11/26/88 3133.23 46 .00
06 /26 /85 3141.23 38 .00 12/17/88 3132.48 46.75
07 /17 /85 3139.56 39 .67 0 1 /2 6 /8 9 3131.48 47.75
08 /22 /85 3138.98 40.25 0 2 /26 /89 3131.73 47 .50
09 /25 /85 3139.31 39 .92 0 3 /2 2 /8 9 3132.15 47 .08
10/25/85 3137.65 41 .58 0 4 /27 /89 3137.15 4 2 .08
11/26/85 3136.23 43 .00 0 6 /0 9 /8 9 3142.23 37 .00
12/26/85 3135.90 43 .33 0 7 /2 2 /8 9 3140.81 38.42
0 1 /2 3 /8 6 3135.65 43 .58 0 8 /2 0 /8 9 3138.65 40 .58
0 2 /1 9 /8 6 3134.73 44 .50 0 9 /2 8 /8 9 3137.56 4 1 .67
0 3 /1 1 /8 6 3136 .48 42.75
0 3 /1 4 /8 6 3136.56 42 .67
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NWC21
E. C e n tra l 3 0 % lk . 
E le v a tio n  3207.75
in  a l l e y
130
D ate SUL Depth to  Depth to  D i«charge D ate SWL Depth to  Depth to  D ischarge
OWL OWL OWL OWL
( s t a t i c )  (pumping) (GPM) ( S t a t i c )  (p tm ping) (GPM)
ssxsssaesss « c s s s s s « SSSBaS*»SSiBaBsssssssssssssaBanBKsssssBssssssssxaEKS
12/14/75 3142.75 6 5 .00 0 4 /24 /86 3138.50 69 .25
0 2 /2 6 /7 7 3138.58 6 9 .1 7 0 5 /24 /86 3138.75 69 .00
0 5 /1 0 /7 7 3138.50 69 .25 0 6 /24 /86 3142.25 65 .50
0 7 /0 7 /7 7 3144.08 6 3 .6 7 0 7 /30 /86 3139.42 68 .33
0 9 /1 5 /7 7 3141.83 6 5 .92 0 8 /24 /86 3136.75 71.00
12 /10 /77 3139.33 68 .42 0 9 /24 /86 3138.50 69 .25
0 1 /1 1 /7 8 3139.75 68 .00 10 /23 /86 3137.50 70.25
0 3 /0 8 /7 8 3138.58 6 9 .1 7 11 /30 /86 3135.58 72 .17
0 7 /1 9 /7 8 3147.08 6 0 .6 7 12 /17 /86 3134.92 72 .83
12/01/78 3139.75 68 .00 0 1 /28 /87 3133.58 74 .17
0 3 /1 3 /7 9 3136.75 71.00 0 2 /2 4 /8 7 3133.00 74.75
0 8 /1 2 /7 9 3143.25 64 .50 0 3 /26 /87 3132.75 75.00
01 /12 /80 3138.25 69 .50 0 4 /06 /87 3133.17 74 .58
08 /12 /80 3144.42 63 .33 0 5 /22 /87 3135.58 72 .17
12/04/80 3139.25 68 .50 0 6 /22 /87 3139.75 68 .00 71 .85
02/06/81 3137.68 70 .07 0 7 /23 /87 3137.33 70.42 7 4 .17
08/12/81 3143.17 6 4 .5 8 0 8 /24 /87 3136.92 70.83 74 .67
11/26/81 3142.08 6 5 .6 7 0 9 /25 /87 3135.58 72 .17 76.00
02 /19 /82 3139.50 68 .25 10 /29 /87 3135.00 72.75 76 .58
06 /03 /82 3144.75 63 .00 11 /22 /87 3134.08 7 3 .67 77.33
09 /14 /82 5142.75 65 .00 12 /22 /87 3133.58 74 .17 77.92
0 2 /26 /83 3140.25 67 .50 0 1 /2 7 /8 8 3133.08 7 4 .67
12/01/83 0 2 /2 6 /8 8 3133.00 74.75
04 /20 /84 0 3 /2 3 /8 8 3132.75 75.00 78.83 1300
06 /15 /84 0 4 /2 6 /8 8 3132.92 74.83 78 .67 1500
10/27/84 3138.75 69 .00 0 5 /2 4 /8 8 3136.17 71 .58 75 .42 1300
0 1 /08 /85 3135.25 72.50 0 6 /2 2 /8 8 3139.42 68.33 72 .17 1440
0 3 /01 /85 3134.25 73.50 0 7 /2 2 /8 8 3137.75 70.00 74 .00 1420
03 /22 /85 3134.08 73 .67 0 8 /2 5 /8 8 3133.58 74 .17 78 .00 1700
04 /30 /85 3135.92 71.83 0 9 /2 8 /8 8 3132.92 74 .83 79 .00
05 /23 /85 3138 .17 69 .58 10 /26 /88 3133.08 74 .67 78 .50
0 6 /30 /85 3140 .17 67 .58 11 /26 /88 3133.42 74 .33 7 8 .17 1300
07 /16 /85 3139.17 68 .58 12 /15 /88 3133.08 7 4 .67 7 8 .67 1300
08 /20 /85 3139.08 68 .67 0 1 /2 4 /8 9 3132.00 75.75 79 .50 1300
09 /24 /85 3140.33 67 .42 0 2 /2 4 /8 9 3131.92 75.83 79.75 1200
1 0 /22 /85 3139.58 68 .17 0 3 /2 2 /8 9 3132.25 75.50 79.42 1300
1 1 /26 /85 3138.08 69 .67 04 /22 /89 3133.67 74 .08 78.25 1250
1 2 /14 /85 3137.25 70.50 0 6 /10 /89 3141.17 66 .58 70 .33 1300
0 1 /24 /86 3136.75 71.00 0 6 /2 3 /8 9 3143.25 64 .50 68 .42 1300
0 2 /20 /86 3135.50 72.25 0 7 /2 4 /8 9 3140.25 67 .50 71.25 1300
0 3 /11 /86 3136.83 70.92 0 8 /2 0 /8 9 3137.75 70 .00 73.92 1300
0 3 /14 /86 3137.17 70.58 0 9 /2 7 /8 9 3138.03 69 .72 73 .58 1250
0 3 /18 /86 3137.33 70.42
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NWC22
in te m o u n ta in  
E le v a tio n  3 1 7 5 .8
131
D ate SWL Depth to D ate SWL Depth to
GW GW
( s t a t i c ) ( s t a t i c )
C8̂ a«SB«SSS8SSSSBBSSSSSSSSaBB «SS8SBSSSSBSBSSSSBS
0 2 /2 6 /7 7 3142 .47 3 3 .33 10 /23 /86 3141.13 5 4 .6 7
0 5 /1 9 /7 7 3146 .97 28 .83 11 /27 /86 3139.38 36 .42
0 9 /15 /77 3145 .38 3 0 .4 2 12 /17 /86 3138.13 3 7 .6 7
12 /10 /77 3145 .97 29 .83 0 1 /2 8 /8 7 3137.55 38.25
01 /12 /78 3143.30 3 2 .5 0 0 2 /2 4 /8 7 3136.80 39 .00
03 /02 /78 3142 .38 3 3 .4 2 0 3 /2 4 /8 7 3136.88 38 .92
05 /28 /78 3149.80 26 .00 0 4 /2 4 /8 7 3138.55 37 .25
0 7 /18 /78 3151.38 24 .42 0 5 /2 2 /8 7 3144.38 31 .42
11/30/78 3142.55 33 .25 0 6 /2 4 /8 7 3145.55 30 .25
03 /13 /79 3141.80 3 4 .0 0 0 7 /2 2 /8 7 3143.72 32 .08
0 8 /10 /79 3147.97 27 .83 0 8 /2 5 /8 7 3141.80 34 .00
01 /11 /80 3140.47 35 .33 0 9 /2 5 /8 7 3140.47 35 .33
08 /12 /80 3148.47 27 .33 10 /28 /87 3139.47 36 .33
12/04/80 3143.13 3 2 .6 7 11 /18 /87 3138.88 36.92
02/05/81 3142.05 33 .75 12 /24 /87 3137.22 38 .58
08/11/81 3148.80 27 .00 01 /21 /88 3137.47 38 .33
02 /18 /82 3143.80 32 .00 02 /24 /88 3136.80 39 .00
06 /03 /82 3151.30 24 .50 03 /22 /88 3136.88 38 .92
09 /18 /82 3147.30 28 .50 04 /27 /88 3139.72 36 .08
02 /26 /83 3143.47 32 .33 05 /24 /88 3144.22 31 .58
12/01/83 3141.05 34 .75 06 /24 /88 3145.97 29 .83
04 /18 /84 3140.97 34 .83 07 /28 /88 3142.05 33 .75
06 /13 /84 3148.30 27 .50 08 /26 /88 3139.63 36 .17
10/18/84 3142.30 3 3 .5 0 09 /28 /88 3139.13 3 6 .6 7
01 /08 /85 3138.55 37 .25 10 /22 /88 3138.97 36 .83
02 /27 /85 3138.13 3 7 .6 7 11 /23 /88 3138.30 37 .50
03 /22 /85 3138.55 37 .25 12 /17 /88 3137.55 38 .25
04 /30 /85 3141.88 33 .92 01 /24 /89 3136.47 39 .33
05 /23 /85 3145.55 30 .25 02 /24 /89 3136.88 38 .92
06 /26 /85 3146.47 29 .33 03 /21 /89 3137.30 58 .50
07 /16 /85 3144.38 31 .42 05 /02 /89 3143.55 32.25
08 /22 /85 3144.13 3 1 .67 06 /10 /89 3147.97 27.83
09 /25 /85 3144.72 3 1 .08 06 /24 /89 3148.88 26 .92
10/24/85 3143.05 32.75 07 /21 /89 3146.13 29 .67
11/19/85 3141.97 33 .83 08 /22 /89 3143.47 32 .33
12/12/85 3141.22 3 4 .58 0 9 /29 /89 3142.63 33 .17
0 1 /2 3 /8 6 3141.30 34 .50
0 2 /1 9 /8 6 3139.80 36 .00
0 3 /1 1 /8 6 3141.63 3 4 .17
0 4 /2 3 /8 6 3143.22 3 2 .58
0 5 /2 2 /8 6 3145.13 3 0 .67
0 6 /26 /86 3147.05 28.75
0 7 /2 3 /8 6 3145.13 3 0 .67
0 8 /24 /86 3142.55 33 .25
0 9 /24 /86 3142.80 33 .00
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MUC23 
P a t t e e  C r.
132
E le v a tio n » 3195 .09 f t .
Depth
D ate SWL to  GW
( s t a t i c )
M sss s s s sa saaneassscsssssssBsssc
0 6 /0 5 /8 2
0 9 /1 4 /8 2
0 2 /1 7 /8 3
12 /01 /83
0 4 /18 /84












*11/22/85 3124.09 71 .00
*12/14/85 3123.09 72 .00
*01 /24 /86 3123.09 72.00
*02 /22 /86 3120.09 75 .00
* 03 /21 /86 3122.09 73 .00
*04 /24 /86 3124 .09 71.00
*05 /21 /86 3124 .09 71 .00
* 06 /24 /86 3125.09 70.00
•0 7 /2 3 /8 6 3124.09 71.00
*08 /24 /86 3123.09 72.00
•0 9 /2 4 /8 6 3124.09 71.00
*10 /23 /86 3123 .09 7 2 .00
*11 /25 /86 3123.09 7 2 .00
*12 /17 /86 3123.09 72 .00
* 01 /28 /87 3122.09 73 .00
•0 2 /2 2 /8 7 3122.09 73 .00
*03 /25 /87 3122.09 73 .00
*0 4 /2 4 /8 7 3122.09 73.00
*0 5 /22 /87 3123.09 72 .00
* 0 6 /2 2 /8 7 3124.09 71 .00
07 /1 1 /8 7 3134.09 61 .00
07 /2 3 /8 7 3131.09 64 .00
08 /2 1 /8 7 3131.09 64 .00
09 /2 4 /8 7 3130.09 65 .00
10 /29 /87 3131.09 64 .00
11 /22 /87 3130.09 65 .00
12 /22 /87 3130.09 65 .00
0 1 /2 0 /8 8 3130.09 65 .00
0 2 /2 4 /8 8 3130.09 65 .00
0 3 /2 4 /8 8 3130.09 65 .00
0 5 /2 0 /8 8 3132.09 63 .00
0 6 /2 2 /8 8 3130.09 6 5 .0 0
0 7 /2 2 /8 8 3131.09 64 .00
08 /2 5 /8 8 3130 .09 65 .00
09 /2 8 /8 8 3129,09 66 .00
10 /24 /88 3128 .09 67 .00
11 /26 /88 3130.09 65 .00
12 /17 /88 3130 .09 6 5 .0 0
0 1 /2 4 /8 9 3130 .09 65 .00
0 2 /2 4 /8 9 3130 .09 6 5 .0 0
0 3 /2 2 /8 9 3131 .09 6 4 .00
0 5 /0 2 /8 9 3130.09 6 5 .00
0 6 /1 0 /8 9
0 7 /2 4 /8 9
0 8 /2 4 /8 9







60 .00  
60 .00
NOTE: I t  ap p e a rs  th e  d ep th  to
GW re a d in g s  a r e  o f f  by 10 
f e e t  from 11 /22 /88  to  6 /2 2 /8 7 .
MWC24
P a t te e  Creek 50hp 
E le v a tio n  > 3197.53
D ate SWL Depth to  
GW 
( s t a t i c )
«BBBSSSSS'SSSSBSBSSBBSSSSSSS
0 5 /06 /88 3129.53 68 .00
05 /2 0 /8 8 3131.78 65 .75
0 6 /2 2 /8 8 3134.36 6 3 .1 7
0 7 /2 2 /8 8 3132.53 65 .00
0 8 /2 5 /8 8 3129.20 68 .33
09 /2 8 /8 8 3128.61 68 .92
10 /24 /88 3128.36 6 9 .17
11 /26 /88 5129.28 68.25
12 /17 /88 3128.70 68 .83
0 1 /2 4 /8 9 3128.11 69 .42
0 2 /2 4 /8 9 3127.70 69 .83
0 3 /2 2 /8 9 3128.11 69 .42
0 5 /0 2 /8 9 3130.11 67 .42
0 6 /1 0 /8 9 3136.45 61 .08
0 7 /2 4 /8 9 3135.03 6 2 .5 0
0 8 /2 4 /8 9 3132.53 65 .00
0 9 /2 7 /8 9 3133.45 6 4 .0 8
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MWC26
Benton Ave. West o f  R u sse lt 
E le v a tio n  3181 .62
133
D ate SWL Depth to D ate SUL Depth to
GW GW
( S t a t i c ) ( s t a t i c )
B«s«s:assss
11/03/75 3137.12 44 .50 0 5 /22 /86 3133.45 48 .17
02 /2 8 /7 7 3132 .37 4 9 .25 06 /2 4 /8 6 3136.79 44 .83
05 /1 9 /7 7 3134.62 4 7 .0 0 0 7 /3 0 /8 6 3135.04 4 6 .58
0 7 /0 6 /7 7 3138.12 43 .50 0 8 /2 6 /8 6 3132.95 4 8 .67
0 8 /30 /77 3135.20 4 6 .4 2 0 9 /2 6 /8 6 3133.79 47 .83
12 /10 /77 3133 .29 4 8 .33 10 /23 /86 3132.45 49 .17
01 /11 /78 3133.04 48 .58 11 /25 /86 3130.79 50.83
03 /09 /78 3132 .29 4 9 .33 12 /17 /86 3130.12 51 .50
05 /26 /78 3138.62 43 .00 0 1 /2 7 /8 7 3128.87 52 .75
0 7 /19 /78 3140 .62 41 .00 0 2 /2 2 /8 7 3128.54 53 .08
12/02/78 3133.37 48.25 0 3 /2 4 /8 7 3128.54 53.08
0 3 /15 /79 3132.29 49 .33 0 4 /2 4 /8 7 3128.95 5 2 .67
0 8 /10 /79 3138.45 43 .17 0 5 /2 4 /8 7 3133.04 48.58
01 /10 /80 3131.95 49 .67 0 6 /2 2 /8 7 3135.45 4 6 .17
08 /12 /80 3138.20 43 .42 0 7 /2 2 /8 7 3133.37 48.25
12/03/80 3133.62 48 .00 0 8 /24 /87 3132.37 49 .25
02/06/81 3132.45 49 .17 0 9 /2 4 /8 7 3131.54 50 .08
08/11/81 3137.62 44 .00 10 /29 /87 3130.45 51 .17
11/24/81 3134.95 46 .67 11 /22 /87 3129.70 51.92
02 /18 /82 3133.62 48 .00 12 /22 /87 3128.87 52.75
06 /03 /82 3139.20 42 .42 0 1 /20 /88 3128.62 5 3 .00
09 /18 /82 3136.79 44 .83 0 2 /25 /88 3128.37 53 .25
02 /17 /83 3133.37 48 .25 0 3 /24 /68 3128.29 53.33
12/01/83 3132.29 49 .33 0 4 /26 /88 3129.04 52 .58
04 /18 /84 3131.37 50.25 0 5 /20 /88 3131.87 49.75
06 /15 /84 3136.95 44 .67 0 6 /22 /88 3135.29 46.33
10/28/84 3132.79 48 .83 0 7 /22 /88 3133.45 48 .17
01 /08 /85 3130.20 51 .42 0 8 /25 /88 3130.45 51 .17
02 /28 /85 3129.37 52.25 0 9 /27 /88 3129.70 51 .92
03 /21 /85 3129.20 52 .42 10/24/88 3129.20 52.42
04 /28 /85 3131.29 50.33 11 /28 /88 3129.04 52 .58
05 /24 /85 3133.62 48 .00 12 /17 /88 3128.62 53 .00
06 /30 /85 3135.62 46 .00 0 1 /25 /89 3127.79 53 .83
07 /17 /85 3133.95 4 7 .6 7 0 2 /23 /89 3127.62 54.00
0 8 /23 /85 3133.95 4 7 .6 7 0 3 /2 1 /8 9 3128.20 53 .42
09 /25 /85 3135.04 46 .58 0 4 /27 /89 3130.20 51 .42
10 /23 /85 3133.87 47 .75 0 6 /10 /89 3136.45 4 5 .1 7
11/20/85 3132.70 48 .92 0 6 /23 /89 3137.62 44 .00
12/13/85 3131.79 49 .83 0 7 /23 /89 3135.87 45 .75
0 1 /2 4 /8 6 3131.20 50.42 0 8 /20 /89 3133.45 4 8 .1 7
0 2 /2 0 /8 6 3130.62 51.00 0 9 /2 7 /8 9 3132.87 48 .75
0 3 /1 1 /8 6 3132.20 49 .42
0 4 /2 4 /8 6 3133.12 48 .50
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
WWC27 
26th  Av«.
E le v a tio n  5171 .17
134
D ate SWL Depth to D ate SUL Depth to
GU GU
( s t a t i c ) ( S t a t i c )
■ n S K S S S S s S S S S S S S a s C K S K S B S S S S S S E K B
11/03/75 3135 .17 3 6 .00 0 5 /2 1 /8 6 3133.84 3 7 .33
0 2 /2 8 /7 7 5151.54 5 9 .85 0 6 /25 /86 5136.50 3 4 .6 7
0 5 /10 /77 5155.00 5 8 .1 7 0 7 /25 /86 5154.92 56.25
0 7 /0 6 /7 7 5157 .17 5 4 .0 0 08 /24 /86 5155.09 5 8 .0 8
0 8 /5 0 /7 7 5155.84 5 5 .5 5 0 9 /25 /86 5132.92 58 .25
10 /25 /77 5153 .17 5 8 .0 0 10 /22 /86 5131.00 4 0 .1 7
12 /14 /77 3151 .92 3 9 .2 5 11 /27 /86 3129.50 4 1 .6 7
0 1 /1 1 /7 8 5151 .67 5 9 .5 0 12 /17/86 5128.84 4 2 .55
0 5 /0 8 /7 8 5131.42 59 .75 0 1 /2 7 /8 7 5127.84 43 .55
0 5 /2 6 /7 8 5157.25 35 .92 0 2 /2 2 /8 7 5127.50 4 5 .6 7
0 7 /1 8 /7 8 5158 .17 5 3 .0 0 0 3 /2 4 /8 7 5127.59 4 3 .5 8
12 /02 /78 5152.50 5 8 .6 7 0 5 /0 1 /8 7 5129.17 4 2 .0 0
0 5 /1 5 /7 9 5151.84 59 .55 0 5 /2 5 /8 7 5154-50 5 6 .6 7
0 8 /1 2 /7 9 5136 .17 55 .00 0 6 /22 /87 5135.25 55 .92
01 /10 /80 5150 .00 4 1 .1 7 0 7 /22 /87 5133.92 57 .25
08 /12 /80 5157.34 53 .85 0 8 /24 /87 5152.50 5 8 .6 7
11 /26/80 5152.67 58 .50 0 9 /24 /87 5151.25 59 .92
02/07/81 5138.17 53 .00 10 /28 /87 5129.50 4 1 .6 7
08/07/81 3158.17 53 .00 11 /22 /87 5128.59 42 .58
11/24/81 5133.17 38 .00 12 /22 /87 5127.75 43 .42
02 /18 /82 5152.34 38 .83 01 /27 /88 5127.59 43 .58
05 /28 /82 3157.67 33 .50 02 /24 /88 5127.42 43.75
09 /14 /82 5136.42 54 .75 03 /24 /88 5127.42 43.75
02 /17 /83 5132.00 5 9 .1 7 04 /28 /88 5129.00 42 .17
05 /01 /83 5 151 .17 40 .00 05 /24 /88 5133.75 57 ,42
04 /18 /84 5130.50 4 0 .6 7 06 /22 /88 5135.42 55.75
06 /15 /84 3136 .67 54 .50 07 /24 /88 5133.25 57 .92
10/25/84 5151.50 5 9 .67 08 /25 /88 5131.09 40 .08
01 /08 /85 5128.59 4 2 .5 8 09 /27 /88 3129.59 41 .58
02 /27 /85 5128.34 42 .85 10 /24/88 5128.67 42 .50
03 /25 /85 5128 .67 42 .50 11/26/88 5128.09 45 .08
04 /28 /85 5150.75 40 .42 12 /17/88 3127.67 45 .50
0 5 /2 4 /8 5 5135.25 55 .92 01 /25 /89 5126.84 44 .55
0 6 /2 6 /8 5 5155.75 55 .42 02 /25 /89 5126.75 44 .42
07 /18 /85 03 /22 /89 5127.42 43 .75
0 8 /2 4 /8 5 3133.92 37.25 04 /27 /89 3130.50 40 .67
0 9 /25 /85 5134.00 5 7 .17 06 /10 /89 5136.59 34 .58
10 /25 /85 5 132 .17 59 .00 0 6 /22 /89 5157.00 5 4 .1 7
1 1 /26 /85 5130.92 40.25 07 /21 /89 5135.59 55 .58
1 2 /15 /85 5150.50 4 0 .67 08 /20 /89 5133.50 57 .67
0 1 /2 5 /8 6 5130.09 41 .08 0 9 /2 7 /8 9 5152.25 58.92
0 2 /1 9 /8 6 5129.50 41 .67
0 3 /2 1 /8 6 3131.42 59.75
0 4 /2 4 /8 6 5151.54 59 .85
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MWC28
D esnet I n d u s t r ia l
135
E le v a tio n 3240 .73
D ate SWL D epth to  GU
ssssssscss
( s t a t i c )
XSSSSSZCBZSSH
11 /03 /75
0 3 /0 1 /7 7
0 5 /19 /77 3151.48 89 .25
0 7 /04 /77 3157.40 83 .33
0 9 /15 /77 3153.40 87 .33
10 /22/77 3150.65 9 0 .0 8
12 /14 /77 3148 .73 92 .00
01 /12 /78 3148.73 9 2 .00
03 /01 /78 3147 .98 92 .75
05 /01 /78 3148.73 9 2 .00
07 /24 /78 3161 .56 7 9 .17
12 /02 /78 3155.73 85 .00
0 3 /1 3 /7 9 3144.90 95 .83
0 8 /1 1 /7 9 3157.40 83 .33
0 1 /1 1 /8 0 3152.31 8 8 .42
0 8 /1 2 /8 0 3167 .06 7 3 .67
12 /04 /80 3156.73 8 4 .00
08/08/81 3166.31 74 .42
12/01/81 3156.73 84 .00
02 /26 /82 3153.73 8 7 .00
05 /25 /82 3161.23 79 .50
09 /21 /82 3162.15 78 .58
03 /26 /83 3152.90 87 .83
12/08/83 3155.73 85 .00
04 /20 /84 3155 .56 8 5 .1 7
06 /13 /84 3161.23 79 .50
11/01/84 3155.40 85 .33
01 /08 /85 3150.90 89 .83
03 /01 /85 3148,73 9 2 .00
03 /29 /85 3149.40 91 .33
04 /30 /85
07 /02 /85 3160 .56 8 0 .17
07 /16 /85 3158.40 82 .33
0 8 /21 /85 3148.73 9 2 .00
0 9 /25 /85 3154.23 8 6 .50
10/22/85 3153.73 8 7 .00
11/20/85 3151.98 8 8 .75
12/18/85 3149.40 91 .33
0 1 /2 8 /8 6 3149 .56 9 1 .1 7
0 2 /2 0 /8 6 3149 .73 9 1 .00
0 3 /2 4 /8 6 3156.06 8 4 .6 7
0 4 /2 4 /8 6 3148 .48 92.25
0 5 /2 1 /8 6 3156.40 8 4 .33
0 6 /2 7 /8 6 3167.73 73 .00
0 7 /2 9 /8 6 3157.23 8 3 .50
0 8 /2 3 /8 6 3159 .48 8 1 .25
1 0 /0 6 /8 6 3157.15 8 3 .5 8
1 0 /25 /86 3150.40 90 .33
1 1 /2 6 /8 6 3151.31 89 .42
12 /19 /86 3152.31 8 8 .42
0 1 /2 8 /8 7 3152.48 8 8 .25
0 2 /2 5 /8 7 3151.73 8 9 .00
0 3 /2 6 /8 7 3150.73 9 0 .00
0 5 /0 6 /8 7 3155.40 8 5 .33
0 5 /2 3 /8 7 3162.73 78 .00
0 6 /2 5 /8 7 3159.23 8 1 .50
0 7 /2 4 /8 7 3 157 .4 8 8 3 .25
0 8 /2 1 /8 7 3155.81 8 4 .92
0 9 /3 0 /8 7 3152.90 8 7 .83
1 0 /31 /87 3150.65 9 0 .08
1 1 /24 /87 3149.31 91 .42
1 2 /24 /87 3148.06 9 2 .6 7
0 1 /2 1 /8 8 3146.40 94.33
0 2 /2 4 /8 8 3146.15 9 4 .58
0 3 /2 2 /8 8 3147.31 93 .42
0 4 /2 9 /8 8 3147.31 93 .42
0 5 /2 4 /8 8 3149.56 9 1 .17
0 7 /0 6 /8 8 3155.40 85 .33
0 7 /2 2 /8 8 3158.48 82 .25
0 8 /2 5 /8 8 3155.73 85 .00
0 9 /2 8 /8 8 3143.48 97 .25
10 /27 /88 3142.73 98 .00
MUC29
O rchard  S t .  
E le v a tio n  = 31S0.74
D ate SWL Depth to  GW 
( s t a t i c )
ssassaissa ssasB ssacs aaaaaaaasaac
0 2 /04 /81 3120.82 29.92
0 8 /08 /81 3120.41 30.33
11/26/81 3120.07 3 0 .67
0 2 /2 5 /8 2
0 3 /3 1 /8 7 3119.32 31.42
0 4 /2 4 /8 7 3119.99 30.75
0 5 /2 4 /8 7 3120.07 30 .67
0 6 /2 2 /8 7 3122.24 28.50
0 7 /2 1 /8 7 3121.07 29 .67
0 8 /2 4 /8 7 3120.32 30.42
0 9 /2 4 /8 7 3120 .07 3 0 .67
1 0 /2 3 /8 7 3119.91 30.83
1 1 /2 2 /8 7 3119.07 3 1 .67
1 2 /2 8 /8 7 3119.16 31.58
0 1 /2 0 /8 8 3119.41 31.33
0 2 /2 4 /8 8 3119.24 31 .50
0 3 /2 4 /8 8 3119.32 31.42
0 4 /2 8 /8 8 3120.49 30.25
0 5 /2 0 /8 8 3122.16 28 .58
0 6 /2 2 /8 8 3122.41 28.33
0 7 /2 2 /8 8 3120.41 30.33
0 8 /2 5 /8 8 3119.57 3 1 .17
0 9 /2 7 /8 8 3119.74 31 .00
10 /24 /88 3119.57 3 1 .17
11 /26 /88 3119.32 31 .42
1 2 /17 /88 3119.16 31 .58
0 1 /2 5 /8 9 3118.91 31 .83
0 2 /2 2 /8 9 3119.07 3 1 .67
0 3 /2 3 /8 9 3119.16 31 .58
0 4 /2 7 /8 9 3121.24 29 .50
0 6 /0 5 /8 9 3123.74 27 .00
0 6 /2 3 /8 9 3123.82 26.92
0 7 /2 3 /8 9 3121.57 29 .17
0 8 /2 1 /8 9 3120.66 3 0 .0 9
0 9 /2 6 /8 9 3120.41 30 .33
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MUC30
Bank and P a t t e e  S t .  
E le v a tio n  « 3180 .4
(S u b s ta t io n  lo t )
136
D ate SWL Depth to  
GU 
( s t a t i c )
sxscsssasssBSsxsssssmBssssss
0 2 /2 7 /7 6
02 /2 6 /7 7
05 /1 1 /7 7
06 /0 1 /7 7
06 /0 8 /7 7




0 7 /27 /78
11/30/78
0 3 /17 /79
0 8 /09 /79
0 1 /12 /80
















0 4 /2 5 /8 5
0 5 /2 2 /8 5
0 6 /2 6 /8 5
0 7 /1 6 /8 5
0 8 /2 1 /8 5
0 9 /2 4 /8 5
10 /24/85
l l / 1 9 / œ
12/12/85
01/ 22/86
0 2 /1 9 /8 6
0 3 /0 6 /8 6
03 /1 2 /8 6
03 /1 4 /8 6






























3 3 .1 7
34 .42
3 1 .6 7
























3 9 .6 7
43 .00

















D ate SW. Depth to  
GW 
( s t a t i c )
05 /23 /86 3145.40 35 .00
06 /2 4 /8 6 3143.40 37 .00
07 /2 3 /8 6 3145.40 35 .00
08 /2 4 /8 6 3144.40 36 .00
09 /2 6 /8 6 3141.40 39 .00
10 /22 /86 3141.40 39 .00
11 /26 /86 3138.40 42 .00
12 /20 /86 3137.40 43 .00
01 /2 7 /8 7 3137.40 43 .00
02 /2 4 /8 7 3136.40 44 .00
0 3 /2 4 /8 7 3137.40 43.00
04 /3 0 /8 7 3138.40 42 .00
0 5 /23 /87 3144.40 36 .00
0 6 /2 3 /8 7 3145.40 35 .00
0 7 /2 1 /8 7 3143.40 37 .00
0 8 /21 /87 3142.40 38 .00
0 9 /26 /87 3140.40 40 .00
10 /28 /87 3140.40 40.00
11 /24 /87 3138.40 42 .00
12 /22/87 3137.40 43 .00
01 /20 /88 3137.40 43 .00
02 /25 /88 3137.40 43 .00
03 /23 /88 3137.40 43 .00
04 /26 /88 3139.40 41 .00
05 /21 /88 3143.40 37 .00
06 /24 /88 3146.40 34 .00
07 /23 /88 3141.40 39 .00
08 /25 /88 3138.40 42 .00
0 9 /2 9 /8 8 3139.40 41 .00
10 /21 /88 3139.40 41 .00
11 /26 /88 3138.40 42 .00
12 /14 /88 3134.40 46 .00
0 1 /2 4 /8 9 3134.40 46 .00
0 2 /2 4 /8 9 3137.40 43 .00
0 3 /2 1 /8 9 3137.40 43 .00
0 4 /2 2 /8 9 3141.40 39.M)
0 6 /10 /89 3147.40 33 .00
0 6 /2 3 /8 9 3147.40 33 .00
0 8 /0 2 /8 9 3145.40 35 .00
08 /2 0 /8 9 3141.40 39 .00
0 9 /2 7 /8 9 3142.40 38 .00
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NUC31
KîManis and C lay  « t .  
E lé v a tio n  ■ 3 1 2 5 .7
137
D ate SWL Depth to D ate SUL Depth to
GU GU
( s t a t i c ) ( s t a t i c )
SS8CSSSS8Sssss«s«ssss «SSXJSS8B«S
0 6 /0 1 /7 7 3155.70 3 0 .00 0 5 /2 4 /8 6 3148.37 37 .33
0 7 /07 /77 3153.12 3 2 .5 8 0 6 /2 6 /8 6 3152.70 33 .00
0 9 /15 /77 3150.70 3 5 .00 0 7 /2 9 /8 6 3150.20 35 .50
12 /10 /77 3149.70 3 6 .00 0 8 /2 4 /8 6 3148.03 3 7 .67
01 /13 /79 3150.53 3 5 .1 7 0 9 /2 6 /8 6 3147.03 3 8 .67
03 /02 /78 3149.53 3 6 .1 7 10 /25 /86 3146.70 39 .00
0 7 /27 /78 5156.53 2 9 .17 11 /26 /86 3143.45 42 .25
11 /30 /78 3149.20 3 6 .5 0 12 /18 /86 3142.03 4 3 .67
0 3 /17 /79 3150.45 35 .25 0 1 /27 /87 3141.95 43.75
0 6 /09 /79 3152.70 3 3 .0 0 0 2 /2 4 /8 7 3140.70 45 .00
0 1 /12 /80 3146 .87 38 .83 0 3 /26 /87 3141.70 44 .00
0 8 /14 /80 3153.70 32 .00 0 5 /0 8 /8 7 3147.20 38 .50
12/05/80 3146.70 3 9 .0 0 0 5 /2 3 /8 7 3149.87 35 .83
02/07/81 3144.12 41 .58 0 6 /24 /87 3150.37 35.33
08/12/81 3154 .87 30 .83 0 7 /21 /87 3148.20 37 .50
12/02/81 3150.70 35 .00 0 8 /2 1 /8 7 3146.20 39 .50
02 /19 /82 3149.03 3 6 .6 7 0 9 /2 9 /8 7 3145.03 4 0 .67
0 6 /03 /82 3159.70 26 .00 10 /30 /87 3145.28 40 .42
09 /18 /82 3153 .37 32 .33 11 /24 /87 3143.03 4 2 .67
03 /26 /83 3149.70 36 .00 12 /22 /87 3141.87 43 .83
08 /25 /83 3150 .87 34 .83 0 1 /26 /88 3141.95 43 .75
11/29/83 0 2 /25 /88 3140.95 44.75
04 /24 /84 0 3 /24 /88 3141.45 44 .25
06 /16 /84 0 4 /26 /88 3144.45 41 .25
10/50/84 05 /24 /88 3148.95 36.75
01 /12 /85 3143 .37 42 .33 0 6 /24 /88 3150.45 35.25
02 /28 /85 3142.70 4 3 .00 0 7 /21 /88 3147.20 38 .50
03 /23 /85 3143.03 4 2 .6 7 0 8 /25 /88 3143.37 42.33
04 /30 /85 3145 .87 39 .83 0 9 /30 /88 3144.12 41 .58
05 /22 /85 10 /23/88 3144.37 41.33
06 /26 /85 11 /23/88 3143.28 42.42
07 /16 /85 12 /17/88 3142.45 43.25
08 /21 /85 3148.95 36.75 01 /28 /89 3185.70
09 /24 /85 3 149 .37 36 .33 0 2 /2 4 /8 9 3141.78 43 .92
10/24/85 3148.12 37 .58 03 /21 /89 3142.12 43 .58
11/19/85 3 146 .87 38 .83 0 5 /02 /89 3149.53 3 6 .1 7
12/12/85 3146.70 39 .00 0 6 /13 /89 3154.12 3 1 .58
0 1 /2 4 /8 6 3146.78 38 .92 0 6 /23 /89 3154.20 31.50
0 2 /1 9 /8 6 3144.95 40.75 0 8 /03 /89 3148.70 37 .00
0 3 /1 2 /8 6 3146.53 39 .17 0 8 /24 /89 3151.53 34 .17
0 3 /1 4 /8 6 3146.62 39 .08 0 9 /2 9 /8 9 3147.37 38.33
0 3 /1 8 /8 6 3147.62 38 .08
0 4 /2 4 /8 6 3148.12 37 .58
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MWC32
A rth u r and S o . 5 th  E. 
E le v a tio n  « 3 2 0 3 .7
( i n  a l l e y ) 1 3 8
D ate SUL Depth to  
GU 
( s t a t i c )
D ate SUL Depth to  
GU 
( s t a t i c )
ftSSS8SSSSSSSS«SS«S»a aBZSSKSXSZSSKSSSSKaISSSBSSSSB
0 7 /0 7 /7 7 3155.95 47 .75 0 5 /2 4 /8 6 3151.87 51 .83
0 0 /1 5 /7 7 3152.62 51 .08 0 6 /2 5 /8 6 3152.20 51 .50
12 /10 /77 3150 .78 52 .92 0 7 /2 5 /8 6 3149.70 54 .00
12 /14 /77 3150.53 5 3 .1 7 0 8 /2 4 /8 6 3147.20 56 .50
01 /12 /78 3151 .87 51 .83 0 9 /2 4 /8 6 3148.37 55.33
03 /08 /78 3150.03 5 3 .6 7 10 /22 /86 3146.03 57 .67
07 /27 /78 3159.03 4 4 .6 7 10 /27 /86 3143.87 59 .83
11 /30/78 3149 .20 54 .50 12 /18/86 5142.78 60 .92
0 3 /22 /79 3151 .37 52-33 0 1 /2 7 /8 7 3142.53 6 1 .1 7
0 8 /12 /79 3154.20 49 .50 0 2 /2 4 /8 7 3141.37 62 .33
01 /12 /80 3147 .87 5 5 .83 0 3 /25 /87 3141.12 62 .58
08 /15 /80 3154 .87 4 8 .83 0 5 /0 6 /8 7 3146.37 57 .33
12/06/80 3150.70 53 .00 0 5 /2 2 /8 7 3149.62 54 .08
02/07/81 3150 .37 5 3 .33 0 6 /2 4 /8 7 3150.45 53.25
08/12/81 3155 .87 4 7 .8 3 0 7 /2 4 /8 7 3149.70 54 .00
12/02/81 3152.12 5 1 .58 08 /21 /87 3146.70 57 .00
02 /19 /82 3149 .87 5 3 .83 0 9 /2 6 /8 7 3145.45 58.25
06 /03 /82 3159.45 4 4 .25 10 /28 /87 3144.95 58.75
09 /18 /82 3154.20 4 9 .50 11 /24 /87 3143.95 59.75
03 /03 /83 3150.62 5 3 .08 12 /22 /87 3142.78 60 .92
08 /25 /83 3151.53 5 2 .1 7 0 1 /27 /88 3143.12 60 .58
12 /01/83 0 2 /25 /88 3141.70 62 .00
01 /24 /84 03 /24 /88 3142.28 61 .42
06 /16 /84 0 4 /24 /88 3145.20 58.50
10/27/84 3155.03 4 8 .6 7 05 /24 /88 3150.03 53.67
01 /10 /85 3142.37 61 .33 0 6 /24 /88 3151.87 51.83
02 /22 /85 3142.20 6 1 .50 0 7 /23 /88 3147.70 56.00
02 /27 /85 3142.03 6 1 .6 7 08 /25 /88 3144.37 59.33
03 /22 /85 3142.28 6 1 .42 0 9 /28 /88 3145.12 58.58
04 /24 /85 10 /21/88 3144.78 58.92
05 /22 /85 11 /23/88 3144.37 59.33
06 /26 /85 12 /14/88 3143.45 60.25
07 /16 /85 0 1 /24 /89 3141.95 61 .75
08 /21 /85 02 /24 /89 3143.12 60 .58
09 /26 /85 0 3 /23 /89 3143.62 60 .08
10/24/85 3148.70 55.00 04 /22 /89 3147.70 56.00
11 /26/85 3147.53 56 .17 0 6 /13 /89 3154.95 48 .75
12 /13/85 3147.70 56.00 0 6 /23 /89 3154.87 48 .83
0 1 /24 /86 3147.70 56.00 0 8 /03 /89 3149.87 53.83
02 /20 /86 3145 .87 57.83 0 8 /20 /89 3148.28 55 .42
03 /11 /86 3148.20 55.50 0 9 /2 7 /8 9 3148.28 55.42
0 3 /1 4 /8 6 3147.70 56.00
0 4 /2 5 /8 6 3149.20 54 .50
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
NWC33
Gerald St
E leva tion « 5199 .5
139
Depth Depth
D ate SUL to  GU D ate SUL to  GU
( s t a t i c ) ( s t a t i c )
s s s s s s s s s s s s z s s s s sKSSSSSSS ■«S88SSSSXSSSSSBSS
12/10/77 3144.83 54.67 03/11/86 3142.50 57.00
01/12/78 3145.50 54.00 04/23/86 3144.00 55.50
05/08/78 3143.75 55.75 05/23/86 3146.17 53.33
07/19/78 3153.25 46.25 06/24/86 3147.92 51.58
11/30/78 3144.75 54.75 07/25/86 3145.50 54.00
03/22/79 3145.50 54.00 08/24/86 3143.17 56.33
08/12/79 3148.67 50.83 09/24/86 3143.67 55.83
01/12/80 3142.58 56.92 10/22/86 3142.00 57.50
08/14/80 3149.50 50.00 10/27/86 3140.00 59.50
12/05/80 3145.17 54.33 12/18/86 3138.92 60.58
08/12/81 3150.42 49.08 01/27/87 3138.42 61.08
02/07/81 3145.29 54.21 02/24/87 3137.42 62.08
08/12/81 3150.42 49.08 03/25/87 3137.33 62.17
11/26/81 3146.83 52.67 05/01/87 3140.33 59.17
02/09/82 3144.83 54.67 05/22/87 3145.08 54.42
06/03/82 3152.17 47.33 06/24/87 3146.25 53.25
09/18/82 3148.67 50.83 07/24/87 3144.83 54,67
02/16/83 3144.83 54.67 08/21/87 3142.58 56,92
08/25/83 3146.83 52.67 09/26/87 3141.00 58.5
11/29/83 3140.83 58.67 10/28/87 3140.33 59.17
04/24/84 3141.83 57.67 11/18/87 3139.58 59.92
06/14/84 3150.67 48.83 12/22/87 3138.25 61.25
10/27/84 3141-00 58.50 01/26/88 3138.25 61.25
01/11/85 5137.75 61.75 02/24/88 3137.67 61.83
02/27/85 3137.25 62.25 03/24/88 3137.83 61.67
03/22/85 3137.42 62.08 04/30/88 3140.50 59.00
04/24/85 3140.83 58.67 05/24/88 3145.08 54.42
05/22/85 3145.92 53.58 06/24/88 3146.75 52.75
06/26/85 3146.92 52.58 07/21/88 3143.92 55.58
07/16/85 08/25/88 3140.08 59.42
08/20/85 3144.83 54.67 09/30/88 3140.17 59.33
09/24/85 3145.50 54.00 10/22/88 3140.08 59.42
10/24/85 3144.08 55.42 11/23/88 3139.50 60.00
11/20/85 3143.50 56.00 12/14/88 3138.75 60.75
12/13/85 3141.50 58.00 01/25/89 3137.42 62.08
01/24/86 3141.83 57.67 02/22/89 3138.17 61.33






R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
M ountain W ater Co. d a ta  
MWC34
M aurice Ave. and 4 th
1 4 0
E le v a tio n * 3 1 9 4 .7
Depth
D ate SUL t o  GU 
( s t a t i c )
s s s s B s s s s :E n s s s s s s « x s s s s )c s
05 /23 /78 3160 .70 34 .00
07 /27 /78 3160.28 34 .42
11 /30/78 3152.53 4 2 .1 7
0 3 /22 /79 3154.87 39 .83
08 /12 /79 3157.70 37 .00
01 /12 /80 3150.28 44 .42
08 /15 /80 3157.03 3 7 .6 7
12/06/80 3153.20 41 .50
02/07/81 3151 .87 42 .83
08/12/81 3156.70 38 .00
11/26/81 3154.45 40 .25
02 /09 /82 3152.37 42 .33
06 /03 /82 3161.37 33 .33
09 /18 /82 3156.45 38.25




3154.62 4 0 .0 8
06 /16 /84
10/30/84
3152.70 4 2 .0 0
01 /11/85 3143.70 5 1 .00








3145.70 4 9 .0 0
0 9 /24 /85
10/24/85
3151.70 4 3 .00
11/19/85 3150.70 4 4 .00
12/13/85 3149.70 4 5 .00
0 1 /2 4 /8 6 3149.70 4 5 .00
0 2 /2 0 /8 6 3147.70 4 7 .00
0 3 /0 6 /8 6 3148.70 4 6 .00
0 3 /1 1 /8 6 3149.70 4 5 .00
0 3 /1 4 /8 6 3149.70 45 .00
0 3 /1 8 /8 6 3149.70 4 5 .00
0 4 /2 3 /8 6 3151.70 4 3 .00
0 5 /2 3 /8 6
0 6 /2 6 /8 6
0 7 /2 5 /8 6
0 8 /2 4 /8 6
3153.70 4 1 .00
Depth
D ate SUL to  GU
( S t a t i c )
(«SSS999SS:S««SIS9S8
09 /24 /86 3149.70 45 .00
10 /25/86 3147.70 47 .00
11 /29/86 3146.70 48 .00
12 /20/86
0 1 /2 7 /8 7 3144.70 50 .00
0 2 /2 2 /8 7 3143.70 51 .00
0 3 /3 0 /8 7 3143.70 51 .00
0 5 /0 1 /8 7 3149.70 45 .00
0 5 /2 2 /8 7 3156.70 38 .00
0 6 /2 2 /8 7 3151.70 43 .00
0 7 /2 8 /8 7 3150.70 44 .00
0 8 /2 5 /8 7 3147.70 47 .00
0 9 /26 /87 3146.70 48 .00
1 0 /28 /87 3146.70 48 .00
11 /22 /87 3146.70 48 .00
12 /23 /87 3144.70 50 .00
01 /27 /88 3144.70 50.00
03 /09 /88 3143.70 51.00
03 /24 /88 3143.70 51 .00
04 /26 /88 3147.70 47 .00
0 5 /21 /88 3152.70 42 .00
0 6 /24 /88 3153.70 41 .00
0 7 /21 /88 3147.70 47 .00
0 8 /25 /88 3145.70 49 .00
09 /28 /88 3144.70 50.00
10/22/88 3145.70 49 .00
11/22/88 3144.70 50.00
12/14/88 3143.70 51.00
0 1 /25 /89 3142.70 52 .00
0 2 /22 /89 3143.70 51 .00
0 3 /21 /89 3144.70 50.00
0 5 /02 /89 3147.70 47 .00
0 6 /10 /89 3148.70 46 .00
0 8 /04 /89 3147.70 47 .00
0 8 /22 /89 3148.70 46 .00
10/03/89 3149.70 45 .00
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MUC35
Southgate N all
E lev a tio n  3173.12
1 4 1
Depth Depth
D ate SUL to  GU D ate SUL to  GU
( s t a t i c ) ( s t a t i c )
«SSBSSSSac: SSSaCSBSK SSSSSSBSXs s s s s s s s s
12 /02 /78 3132 .79 4 0 .3 3 0 5 /2 4 /8 7 3132.45 4 0 .6 7
03 /15 /79 3131 .87 41 .25 0 6 /2 2 /8 7 3134.62 38 .50
08 /12 /79 3137.12 3 6 .0 0 0 7 /2 1 /8 7 3132.70 40 .42
01 /11 /80 3130.54 4 2 .5 8 0 8 /2 4 /8 7 3131.54 4 1 .5 8
08 /12 /80 3136.62 3 6 .5 0 0 9 /3 0 /8 7 3130.37 42 .75
12 /03/80 3132.12 4 1 .0 0 10 /29 /87 3129.37 43.75
02/06/81 3130,95 4 2 .1 7 11 /22 /87 3128.62 44 .50
08/08/81 3136.29 3 6 .8 3 12 /28 /87 3127.79 45 .33
11/24/81 3133.29 39 .83 0 1 /2 7 /8 8 3127.62 45 .50
02 /25 /82 3132.79 4 0 .3 3 0 2 /25 /88 3127.45 45 .67
05 /28 /82 3137.12 3 6 .0 0 0 3 /2 4 /8 8 3127.29 45 .83
09 /15 /82 3135.29 37 .83 0 4 /2 8 /8 8 3128.37 44.75
02 /17 /83 3131.95 4 1 .1 7 0 5 /2 0 /8 8 3131.20 41 .92
12/01/83 3131.12 4 2 .0 0 0 6 /22 /88 3134.54 38 .58
04 /18 /84 3130.62 4 2 .5 0 0 7 /2 4 /8 8 3132.62 40 .50
06 /15 /84 3136.12 3 7 .0 0 0 8 /25 /88 3130.04 43 .08
10/26/84 3132.54 4 0 .5 8 0 9 /28 /88 3129.12 44 .00
01 /08/85 3129.12 4 4 .0 0 10 /24/88 3128.29 44 .83
02 /28 /85 3127.29 4 5 .8 3 11 /24 /88 3128.29 44 .83
03 /21 /85 3128.29 4 4 .8 3 12 /15 /88 3127.79 45.33
04 /28 /85 3130.12 4 3 .0 0 0 1 /2 5 /8 9 3127.54 45 .58
06 /30 /85 3134.54 3 8 .5 8 0 2 /2 4 /8 9 3126.70 46 .42
07 /18 /85 0 3 /2 1 /8 9 3127.45 45 .67
08 /23 /85 3133.45 3 9 .6 7 0 4 /27 /89 3129.29 43 .83
09 /25 /85 3133.79 39 .33 0 6 /1 0 /8 9 3135.62 37 .50
10/23/85 3132.29 40 .83 0 7 /24 /89 3134.79 38.33
11/20/85 3131.45 4 1 .6 7 0 8 /2 2 /8 9 3132.45 40 .67
12/12/85 3130.62 4 2 .5 0 0 9 /2 8 /8 9 3131.79 41 .33
01 /23 /86 3130.12 4 3 .0 0
02 /2 0 /8 6 3129.54 4 3 .58
03 /1 1 /8 6 3131.12 42 .00
04 /2 4 /8 6 3131.87 41 .25
05 /2 2 /8 6 3132.62 4 0 .50
06 /2 5 /8 6 3136.12 37.00
07 /3 0 /8 6 3134.04 39 .08
08 /2 4 /8 6 3132.12 41 .00
09 /2 5 /8 6 3132.79 40 .33
10 /22 /86 3131.12 42.00
11 /25 /86 3129.70 43.42
12 /17 /86 3128.95 4 4 .1 7
01 /2 7 /8 7 3127.87 45 .25
0 2 /2 2 /8 7 3127.70 45 .42
03 /2 6 /8 7 3127.79 45 .33
05 /0 1 /8 7 3128.37 44.75
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0 1 /2 4 /8 9
0 2 /2 2 /8 9
03 /2 1 /8 9
04 /2 2 /8 9
0 6 /0 7 /8 9
06 /2 4 /8 9
0 7 /2 1 /8 9
0 8 /2 0 /8 9
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APPPENDIX A.2: INTERPOLATED DATA FOR 1986, 1987, AND 1988 
MODEL YEARS
Key:
P Wells - 
MV Wells -
MWC Wells ■ 
V Wells - 
1028 Wells 
W Wells - 
BN Wells -
S Wells - 
CW Wells -
Data from Pottinger, 1988
Data from the University of Montana
Missoula Valley Aquifer Study
Data from Mountain Water Company
Data from Ver Hey, 1987
Data from Peery, 1988
Data from Wogsland, 1988
Data from Burlington Northern Railroad
(Kennedy/Jenks/Chilton, 1989
Data from Smith, 1990
Data from Wemple, 1989
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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C O C O C M N C M C M C D t H m ^ r C M C M  
CM <M
• « - t O t O S D S D C M O O O C D i n c O
t n t D O « H ( D « 0 < O C M O > « H t D C Mo<or>.tHco«no«c94r<ocsicM
- S ' < O C M C O t M C O C M O ) < O r ^ C M C M
O O O O C M S O O O C O t D t O C D0<ntl^O<OCMOtH«^tD<nCDr^tH09^(MO'AtH(DCDCOCOcM'r<o^'«’«D<o*nr^eM»HFH
06tHCMo<otorN.ooo»r»c«»tHC0t0O«ncM09<0C00>«0'Vo<0(DflOo«ocosorvcocotM•«-’«-cocMHrcoaD<ocoa>coco
CM t H
s o  ( D O > < « ‘ f * 9 S O « D r ^ O O t O e C D  iO rokO>toowocMcoo-^o>’M‘ tn 
CD F 4 r v f * » ( 0 < D t D < n < M O i O O O  
t H m c O C M C M C O 4 r t » t H 0 9 # A C M t f
CO o e o o o o o o o o o o  
m  ^  CM CO CD t-4 CO CO O  O  CM VI  o  
0 9  0 9 C O ^ C O t H O O M C M < D f < s . | N >  
t H W ( M t H t H t H C M ^ W f ^ * A * H W  
t H  CM
09(0^4n*V«r9Pv00009CMcocort.«#cosococmcMSDr̂ cnrvr^HrtHrvco-^tn^wOtHrK
C M C M N C M C M C O c A C M C O t H t # N
t H CM tH
• 4 r t H O t H C D < H ( 0 0 0 ( 0 0 > m  
a > r H c O C D 0 > < O C M ' « X < 3 > O ) i H r ^  #4COtHtHCM"S'4rcOtHm'»(R 
CMCMCMCMCMCM<OV>Or «>CMt H 
t H CO
o g o o o g o o o o o g(DO>cM«H-«a>(ooootoa>mMrwo^tococM09<omsoHrtHF4F4F4F4CM'#t»Hr^*HtH
09  O C M > O C M i n O > C M O O - « ^ f D t HotHrvow*><^<«(DflD-«(or<s 
0 9  0 9 « O O t D C M t H C O W O < 4 r O O C O
#H C M C M c M * 4 C M C O C D t H < « ' < V C M C M  
CM t H
(D «DtHaï<or*.tHinoü>tHcMCD 
I D C M C O - « t D < r V 9 S O C M I D 4 r - l D f l D  
0 9  w m i D m c M C D c M f ^ i D m m r s  
t H H T f O C M C M C M C M l D O O C O t H t H
g g g g ^ t H g i n f * ^ i D w c D  a9mcDSDCDtHa>eDrM(o<o«H 
CM CM f 4  f 4  «H CM CM V)  «H #4
‘ i r t m c M S O I D C O O O I D I D t O  tcM<009CMa9SDrvor^OtH ir*> ’«•cMOOloiDtHOOïHr 
■ < O I O C O < O C O f v f * . . 0 « O C O C M  
CM CO
^ i n f ^ s o t H i n o o o t D s o o
C M 0 9 I D < D O r « > C M ( D ( D ( 0 0 ( D  0)p^co<omcMmrv<MtHr«.tH 
C M C M ( 0 m C 0 m O 0 9 « D 0 9 C 0 i A  
tH tH CM
o o o o o o o o o o o occo^flOO(OtHOSDe9«n«nOtHtrC009S0(DCD09«<D09
C M C M N t H C M ( M O 9 t H s 0 C M t H t H
lOtO^O^CDOOCDtOflO»lDCM«»(MtHP^tHI0OC009‘CMt009C0fs>fMs0OO«0rt.t»»cMm^«msotDcMcM
CM t H
(Mfsrs#AN*4(MOOCM«(0 r*-oiOttf‘009sra>cMtHCM<H ^mOOOO«Hc0(009OCM 
e M c M c M c M c M c M « r v % 0 ) < 0 c o ( 0  
•H CM
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
166
S
«n«neoo-»tnrv®«o*Hf^rH.m r^ N m # A m o m # n N N ^N N N N N m (O m '»*nM N
• r s . a o c o• • • • • CO O <o • • •
« o < o M i r > r ^ c o i D n < & o < D r « -  
«r> CD o  <9 1-^ »n  «-♦ f>. r -CD fs. es m %o «r CM es «
CM <S CM CM CM W  «n CM CM
s SSSSS'RSRSRK
#-l W*-Cf#W*4CD08xfll«DCDCMCM
CD wicD'fcDwcDcncMN'fr^rsflo *A '*«-i#n^m ocM r~oo»f^ 
O) w i w ) ' * m w ) Q D O ) M ' N w o > e )
W WWWWWWWfWCDCM r-C
»r>o>o»nco^*‘ r%*«*080f*>cD co 0 'tfCM«ncDrvr>f-ciHor f̂N.0> rvw^O®OOfOOC*>CD^-»<M 
CM CM CM «H cH CM (TV 0> «  CM «-f «H
CD « ^ C O t - C O M ^ C O O O O e C M C ^  eo o r - o « D < * 8 0 ) r ^ r * ^ C M r > r - t i D  o> •»oc*><M«orv^.#-cD»n«or«* «H mmcMCMmcocoN^mwcM
<DcDr-.<D008-«^Oa>M*>000«»00008^f^lO<M»n<MCMO>CMO8CMO>COcr»CMCMC00»̂’emcMNwwcMcDmcDwcMm
«r CD co (A o  <p 0 » CD o  o  «n o
«D f i D « - ( * c r < A C K > « - « « A r v c D M r e o < 4 r  o> mmoc*>r*»<Mr^*M«-<<ococo
•H C O C O C M C O C M C O i n C O O C D C M C O  
«M CM
c o  c o e o f O O > * t f ' ' t f - o > o o c D r ^ o  
CD f M * ^ ' A < O « - C C M < Û C M A » n < D 0 0  08 i^otAa>cocDO>rvoa>-«iH  
# 4  C O C O C M C M C M C O C O O C O r N - C O C O
CM C D « A C M < r O l O O O O O C M ^  
CD W # - 4 f M C D # # 4 4 r C O ( D « n ^ C D  08 «0<DcDers.08008«Ars.t-»CD
W  M  CM CM CM co co CD «D CD CM co CM 
•M CM ^
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WITHDRAWAL DATA
Detailed monthly pumping totals were available for Mountain 
Water Company wells and Valley West Water Company wells. 
Pumping for other domestic users was estimated based on 
average daily use per household.
Many industrial users that obtain their water from 
private wells are not included. Non-agricultural irrigators 
that use private wells were also excluded. These users make 
up a small percentage of total water withdrawn from the 
aquifer, and it is anticipated that their exclusion will 
have a negligible effect on the modeling effort.
Agricultural irrigators were not included because they use 
mostly surface water, Geldon, 1979.
The water users that pump from the aquifer within the 
study area are summarized in the following:
-Mountain Water Company (MWC).
The total monthly production for each well is listed in
this appendix. Also, total monthly production for all
MWC wells combined are listed herein. Locations of all
MWC wells within the study area are shown on Plate 2.
-Valley West Water Company (VWWC).
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169The total monthly production for the two wells 
operated by VWWC are listed herein (GilIan, 
personal communication, 1989). For 
simplification, the two VWWC wells are represented 
as a single well, the location shown on Plate 2.
-Clark Fork Water Company (CFWC).
Production records are not available for CFWC 
wells. CFWC provides water to an estimated 2329 
people, using an average of 360 gallons per day 
(gpd) per person (Woessner, 1988). These 
estimates were used to calculate an average 
monthly production of 25,150,000 gallons. This 
water is pumped from a single well field 
consisting of two wells. The location of this 
well field is shown on Plate 2.
-ElMar Estates Subdivision.
This subdivision is currently comprised of 419 
households served by 7 wells distributed 
throughout the subdivision (ElMar Estates manager, 
personal communication, 1989) . Using an average 
residential consumption of SOOgpd (Missoula City 
County Health Dept., 1987), a monthly total 
pumping of 7,542,000 gallons is estimated. For 
simplification purposes this withdrawal is 
represented as coming from a single well field as
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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“ElMar Trailer Court.
This trailer court is currently comprised of 100 
households served by 4 wells distributed 
throughout the court (Elmer Frame, personal 
communication, 1989). Using an average 
residential consumption of 600gpd, a monthly total 
pumping of 1,800,000 gallons is estimated. For 
simplification purposes this withdrawal is 
represented as coming from a single well field as 
shown on Plate 2.
-Consumption for the remainder of the residential 
areas within the study area was estimated using 
data from the Missoula City County Emission 
Inventory (Missoula City County Health Dept.,
1989). This source provided the number of 
residences within 1 square mile areas. An average 
residential consumption of 600gpd was again used 
to estimate monthly withdrawal for each square 
mile area. Withdrawal for each square mile area 
is represented by a single well field located 
either in the center of the area, or in the 
highest density of housing. Table C.l shows the 
estimated monthly withdrawal for each area. The
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
location of the well field that represents each 















































The Louisiana Pacific Mill, thought to be the 
largest industrial user of ground water within the 
study area not supplied by Mountain Water Company
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1 7 2is the only private industry consumer included.
From the work of Geldon, 1979, the monthly 
withdrawal for Louisiana Pacific is 583,000 
gallons. The estimated location of this well is 
shown on Plate 2.
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Monthly Withdrawal Data Per Well
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MOUNTAIN WATER COMPANY DISCHARGE DATA 174
DISCHARGE PER WELL IN GALLONS
DATE WELL *1 WELLB2 WELL «3 WELL *4
= z « > s s s s sSSSSSSSSBSSSSSSUB
Jan  80 32381000 0 0 4000
Fab 80 28610000 0 0 1000
Mar 80 2773000 0 0 1162000
Apr 80 6230000 1553000 0 1490000
May 80 4952000 1300600 3323000 1363000
Jun 80 18000 421600 8987000 157000
Ju l 80 8661000 6322000 33297000 3418000
Aug 80 16284000 5308600 32570000 4061000
Sep 80 1 1 0 0 0 172500 30398000 125000
O ct 80 13000 1700 21810000 2 000
Nov 80 0 0 0 1000
Dec 80 0 0 0 132000
Jan  81 0 0 0 1000
Feb 81 0 0 0 1000
Mar 81 24646000 6424500 11328000 0
Apr 81 26145000 23743000 18412000 0
May 81 27606000 666100 3000 1000
ju n  81 8268000 2504300 4000 148000
Ju l 81 42139000 18189200 4000 2629000
Aug 81 29946000 16499300 1000 3967000
Sep 81 METER BROKEN 2388000 7000 710000
Oct 81 METER BROKEN 5(K)0 5000 0
Nov 81 METER BROKEN 3500 0 0
Dec 81 METER BROKEN 3000 0 0
Jen  82 METER BROKEN 3000 0 2 000
Feb 82 METER BROKEN 0 0 1000
Mar 82 METER BROKEN 0 0 124000
Apr 82 METER BROKEN 0 4000 172000
May 82 METER BROKEN 1027200 15000 2171000
Jun 82 METER BROKEN 4297% 0 7167000 4663000
Ju l 82 METER BROKEN 4879200 12000 5079000
Aug 82 39929000 12634200 10000 8330000
Sep 82 41267000 12705700 8000 3102000
Oct 82 42058000 500 0 461000
NOV 82 13637000 0 0 485000
Dec 82 0 0 0 842000
Jan  83 0 0 0 1583000
Feb 83 0 0 0 1419000
Mar 83 0 0 0 334000
Apr 83 0 0 0 266000
May 83 9471000 133700 0 1760000
Jun  83 42025000 2795800 11000 4159000
J u l 83 41640000 212500 2 000 1304000
Aug 83 40952000 2500 0 4407000
Sep 83 39158000 2 0 0 0 0 748000
O ct 83 40068000 2500 0 55000
Nov 83 12628000 0 0 34000
Dec 83 0 0 0 0
Jan  84 0 0 0 1000
Feb 84 0 0 2137000 1000
Mar 84 0 0 0 2000
Apr 84 25093000 600 0 1000
May 84 39495000 185400 0 10000
ju n  84 35968000 606700 0 829000
Ju l 84 34527000 0 3424500 7173000
Aug 84 34734000 1775400 0 2790000
Sep 84 37692000 1100 0 166000
O ct 84 22130000 2 1 0 0 3000 1000
NOV 84 0 0 3000 1000
Dec 84 0 0 3000 0
Jan  85 0 0 4000 1000
Feb 85 0 0 0 0
Mar 85 0 0 0 1000
Apr 85 0 0 0 14000
May 85 28491000 6008300 0 1786000
ju n  85 41464000 14498900 0 2991000
J u l 85 42383000 22877600 40868000 10361000
Aug 85 41870000 2075500 19267000 990000
Sep 85 29634000 1300 0 32000
O ct 85 24323000 0 0 9000
Nov 85 5092000 0 0 2 000
Dec 85 0 0 2 0 0 0 0
Jan  86 0 0 70(M) 1000
Feb 86 0 0 2000 5000
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MOUNTAIN WATER COMPANY DISCHARGE DATA
DISCHARGE PER WELL IN GALLONS
1 7 5
DATE WELL «1 WELL«2 WELL #3 WELL m WELL *5 WELL #6
M#r 86 0 0
t m»
1000 4000 0 0
Apr 86 2000 0 1000 101000 0 0
May 86 38328000 3156900 19021000 1842000 0 0
Jun 86 40535000 12411400 17317000 7493000 0 0
Ju l 86 31233000 9994500 7372000 5953000 0 0
Aug 86 32865000 12296400 1000 10518000 0 0
Sap 86 11603000 223700 2000 4000 0 0
O ct 86 3491000 2300 1000 1000 0 0
Nov 86 2111000 5500 3000 1000 0 0
Dec 86 0 0 4000 0 0 0
Jan  87 0 0 3000 1000 0 0
Feb 87 0 0 IWO 0 0 0
Mar 87 0 0 4000 0 0 0
Apr 87 2106000 377700 3000 465000 0 0
May 87 25414000 1459900 15000 1040000 0 0
Jun  87 20891OCKI 4499800 2000 1285000 0 0
Ju l 87 34961000 4563900 2000 3961000 0 0
Aug 87 38156000 5074900 4000 2728000 0 0
Sep 87 24741000 3123500 20000 409000 0 0
O ct 87 10765000 4700 7000 0 0 0
Nov 87 0 0 7000 1000 0 0
Dec 87 0 0 10000 0 0 0
Jan  88 0 0 16000 1000 0 0
Feb 88 0 0 3000 0 0 0
Mar 88 0 0 8000 0 0 0
Apr 88 11243000 200 5000 1000 0 0
May 88 17614000 1270500 327000 158000 0 0
Jun 88 27138000 1579400 5000 763000 0 0
Ju l 88 33270000 12853400 385000 2914000 0 0
Aug 86 32419000 11845400 99000 2347000 0 0
Sep 88 24441000 2668400 25000 556000 0 0
O ct 88 6516000 3800 10000 210W) 0 0
Nov 88 0 0 1000 2000 0 0
Dec 88 0 0 13000 1000 0 0
Jan  89 0 0 11000 1000 0 0
Feb 89 0 0 3000 1000 0 0
Mar 89 0 0 6000 0 0 0
Apr 89 16000 7600 0 1000 0 0
May 89 18184000 12400 37000 0 0 0
Jun  89 13127000 1512600 3000 415000 0 0
Ju l 89 25168000 4567850 190)0 1509000 0 0
Aug 89 17917000 771150 5000 1092500 0 0
Sep 89 4946000 2500 23000 1000 0 0
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MOUNTAIN WATER COMPANY DISCHARGE DATA
DISCHARGE PER WELL IN GALLONS
1 7 6
DATE WELL «7 WELL «8 WELL 89 WELL #10 WELL #11 WELL #12
■SXKZSSKSSSSSSSSSSCSXS2BMsx sx ssx x ssx ss s s s s s s s s s x s s x x ssss s ss s s s x x s s s s s s s s s s z s z s
Jan  80 0 7502000 12000 43078000 4851000 12167000
Fab 80 0 10559000 0 40336000 4353000 12065000
Mar 80 0 12948000 0 43142000 18000 11251000
Apr 80 0 18023000 21000 41326000 755000 12246000
May 80 0 8101000 719000 42954000 35000 12688000
Jun 80 3153700 11478000 27000 43773000 2942000 14153000
Ju l 80 48022000 27022000 3784000 42665000 10970000 19333000
Aug 80 48175800 31435000 2267000 44607000 440000 20808000
Sep 80 44998900 8030000 10000 39197000 8000 14326000
O ct 80 45050100 2387000 7000 38325000 0 13252000
Nov 80 42627100 16000 0 4156101» 0 10520000
Dec 80 46157100 19000 0 43619000 0 10608000
Jan  81 46159100 20000 0 44008000 26000 10366000
Feb 81 41005400 8000 0 39357000 11000 9810000
Mar 81 44543900 22000 10000 42546000 5313000 11465000
Apr 81 41331900 10000 5000 38981000 179000 11909000
May 81 44371400 20000 9000 42047000 4100000 12277000
Jun 81 44994400 17000 13000 43366000 2085000 12576000
Ju l 81 46522700 2282000 578000 41423000 13137000 23322000
Aug 81 45585300 22078000 4624000 38835000 32389000 25058000
Sep 81 43411600 20607000 442000 37735000 8000 16729000
O ct 81 43674900 10000 0 22587000 10000 10638000
Nov 81 25891900 9000 0 4000 8000 10233000
Dec 81 1236000 33508000 0 0 9000 11044000
Jan  82 36768300 12123000 0 0 10000 12951000
Feb 82 39623100 4154000 0 0 15000 12357000
Mar 82 44842500 7229000 0 0 12000 13064000
Apr 82 42899800 1023000 4000 0 13000 13125000
May 82 43508900 8809000 667000 9319000 20394000 16183000
Jun 82 39384900 16711000 5315000 40450000 14931000 18456000
Ju l 82 45716700 14856000 3436000 43963000 13693000 19615000
Aug 82 45776100 28348000 5230000 43775000 3682000 20864000
Sep 82 31340100 ' 8656000 1077000 3609% 00 15000 17323000
O ct 82 43934100 5000 0 0 5000 17219000
Nov 82 42477600 2490000 0 0 15000 16540000
Dec 82 44427100 5603000 0 0 15000 17238000
Jan  83 20029700 37647000 0 0 1000 16718000
Feb 83 0 42513000 0 0 228000 15059000
Mar 83 0 46713000 0 0 7000 18005000
Apr 83 0 27572000 0 0 8000 18717000
May 83 8761800 18011000 517000 9263000 1948000 20623000
Jun 83 44299500 29375000 2940000 41298000 6570000 21370000
Ju l 83 44406900 5422000 715000 38618000 22398000 21031000
Aug 83 42335400 15177000 5823000 36952000 31879000 21167000
Sep 83 40652100 3059000 3000 38118000 986000 19303000
O ct 83 41571500 5000 2000 39306000 4000 14413000
Nov 83 40015000 5000 0 38034000 3000 13233000
Dec 83 41606400 5000 0 39042000 0 12918000
Jan  84 41591200 256000 0 38608000 0 13080000
Feb 84 38139400 4000 0 34874000 0 12190000
Mar 84 40651600 4000 0 19889000 0 12765000
Apr 84 39332200 22000 0 36964000 0 13014000
May 84 42491600 622000 898000 37519000 11168000 14675000
Jun 84 41633300 7997000 19640000 37075000 38059999 17875000
Ju l 84 45860400 12593000 37024000 38653000 42897000 27413000
Aug 84 44635400 9160000 22021000 40473000 22753000 24236000
Sep 84 42276800 707000 289000 39538000 9255000 16103000
O ct 84 44752500 8000 5000 39762000 18272000 14098000
Nov 64 43143200 4000 0 38954000 5000 14504000
Dec 84 44501400 4000 0 40357000 6000 18921000
Jan  85 44945800 5000 0 40103000 4882000 20073000
Feb 85 40041500 3000 0 36570000 280000 18560000
Mar 85 45467500 9636000 0 39502000 7000 21057000
Apr 85 41197000 15945000 0 39293000 5000 21325000
May 85 45870300 25962000 11456000 40864000 577000 24769000
Jun 85 41358100 28012000 13238000 39623000 19814000 25556000
J u l 85 45700400 34198000 18066000 37006000 51308000 32583000
Aug 85 44425200 22200000 374401» 41326000 50617000 20102000
Sep 85 
O ct 85
36810000 5157000 680000 39607000 34771000 17594000
41821500 3000 0 41497000 1065000 17095000
Nov 85 38834900 3000 0 28479000 3000 18018000
Dec 85 41484000 5000 0 25140000 5000 19273000
Jan  86 39743900 8000 0 11323000 42186000 19324000
Feb 86 37817800 2000 0 1000 55999000 18144000
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MOUNTAIN WATER COMPANY DISCHARGE DATA
DISCHARGE PER WELL IN GALLONS
1 7 7
>ATE WELL *7 WELL «8 WELL «9 WELL «10 WELL «11 WELL «12
c « sssssa sn x ssB c « ssssa su s sa ssa sssssa s ssssx sssscs:
Mar 86 42021800 4000 0 0 62275000 20706000
Apr 86 40649400 4000 10000 2746000 60044000 21689000
May 86 40908300 1556000 193000 40536000 61674000 24551000
Jun 86 41640300 5468000 828000 39679000 42469000 26959000
Ju l 86 42030SOO 5738000 155000 39322000 20081000 27167000
Aug 86 38555600 6441000 8440M) 40144000 61133000 27670000
Sap 86 40662800 5000 60(K) 39104000 21471000 12815000
O ct 86 41276600 4000 1000 37965000 6000 12536000
Nov 86 39448300 3000 0 3695000 1607000 11094000
Dec 86 36024000 10000 0 0 1181000 11369000
Jan  87 41350900 4000 0 0 790000 11446000
Feb 87 37349200 5000 0 0 5000 10270000
Mar 87 41352700 5000 0 0 8000 15021000
Apr 87 40828000 476000 4000 30409000 219000 18848000
May 87 41612600 930000 117000 4CN)54000 14012000 17987000
Jun 87 41564300 1339000 43000 37614000 36577000 19928000
Ju l 87 37274700 1850000 13000 38781000 60515000 22671000
Aug 87 42132800 1406000 3000 39934000 60691000 21259000
Sep 87 40492600 232000 14000 38921000 . 58746000 20039000
O ct 87 38729300 16000 20000 39839000 25108000 12275000
Nov 87 40009600 12000 0 38260000 39000 10056000
Dec 87 41451100 5000 0 0 11000 9882000
Jan  88 41324900 11000 0 0 32000 10269000
Feb 88 39057700 4000 0 0 6000 9534000
Mar 88 41615800 13000 0 0 18000 10502000
Apr 88 400986000 8000 26000 23835000 296000 12849000
May 88 41935500 727000 10000 41489000 28813000 14937000
Jun 88 39166000 4368000 39000 3187W 00 58974000 20209000
Ju l 88 41772500 6239000 7530(H) 40592000 58096000 27051000
Aug 88 36422200 8044000 65000 41180000 57570000 28905000
Sep 88 40538000 817000 22000 39099000 9261000 17897000
O ct 88 41608400 19000 370(H) 41158000 0 11667000
Nov 88 40014300 21000 0 38516000 0 8924000
Dec 88 41227400 13000 0 40377000 0 9656000
Jan  89 41259900 45000 5930(H) 37990000 0 10780000
Feb 89 31481500 0 40009000 36209000 734000 10654000
Mar 89 22893900 0 40619000 40504000 15000 10379000
Apr 89 36928400 0 41434000 39099000 6000 11113000
May 89 37650900 0 43930000 38215000 23000 12740000
Jun 89 39389200 0 43423333 40359667 23200000 19514333
J u l 89 38945850 0 42609500 34318500 55976500 24923500
Aug 89 17586600 0 42343000 37367000 56753500 21887000
Sep 89 0 0 41178500 38030500 39351000 12225500
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MOUNTAIN WATER COMPANY DISCHARGE DATA
DISCHARGE PER WELL IN GALLONS
1 7 8
DATE WELL «13 WELL «14 WELL «15 WELL «16 WELL «17 WELL «18
ssm siB ss sss ss s K s s s s s x s s c n w s s s s s x s s s x x x ssB ssaessaa isssi
Jan  80 2507000 44503(MO 0 44000 336000 32000
Feb 80 2339000 41737000 0 32000 723000 16000
Mar 80 2480000 41765000 0 14000 357000 16000
Apr 80 3661000 39438000 0 155000 432000 29000
May 80 3611000 42204000 0 18000 425000 24000
Jun 80 2467000 43243000 0 11000 275000 26000
Ju l 80 6573000 47088000 0 2310000 556000 31000
Aug 80 7697W 0 47024000 0 10400000 1933000 2138000
Sap 80 3655000 44093000 0 1181000 618000 220000
O ct 80 3159000 44749000 0 20000 794000 1593000
Nov 80 2368000 42886000 0 18000 554000 28000
Dec 80 2491000 11313000 0 27000 538000 2081000
Jan  81 2230000 14820000 0 185000 443000 2220000
Feb 81 2409000 40280000 0 24000 467000 1000
Mar 81 2407000 44394000 0 19000 727000 30000
Apr 81 2549000 42705000 0 119000 830000 264000
May 81 2869000 44928000 0 11000 1015000 1161000
Jun 81 1051000 45266000 0 17000 1094000 2522000
Ju t 81 4389000 44849000 0 893000 3134000 18448000
Aug 81 9288000 45041000 0 195000 3077000 37042000
Sep 81 5471000 42508000 0 16000 1825000 10190000
Oct 81 2898000 38746000 0 13000 993000 10000
Nov 81 2796000 37890000 0 10000 1016000 5000
Dec 81 2918000 44856000 0 3000 3198000 5000
Jan  82 3037000 45360000 0 7000 3316000 128000
Feb 82 2570000 40582000 0 17000 1080888000.0000000001
Mar 82 1687000 45767000 0 11000 1160000 30000
Apr 82 0 44065000 0 12000 1252000 90000
May 82 3000 46098000 0 1434000 1740000 9540000
Jun 82 6000 44323000 0 8422000 2338000 647000
Ju l 82 0 45391000 0 10054000 2362000 988000
Aug 82 1000 45036000 0 14072000 2924000 1340000
Sep 82 1000 42572000 0 3504000 1845000 150000
Oct 82 0 43597000 0 19000 1247000 10000
Nov 82 0 42593000 0 65000 1108000 5000
Dec 82 0 44043000 0 191000 1369000 10000
Jan  83 0 43835000 0 134000 1443000 7000
Feb 83 2000 39358000 0 457000 911000 8000
Mar 83 0 18037000 0 252000 997000 13000
Apr 83 0 42130000 0 950000 889000 12000
May 83 0 46334000 0 4542000 1088000 METER BROKEN
Jun 83 0 45657000 0 8794000 2136000 METER BROKEN
J u l 83 3315000 45386000 0 1379000 1834000 METER BROKEN
Aug 83 6739000 44283000 0 2844000 2371000 METER BROKEN
Sep 83 3856000 41902000 0 678000 1322000 METER BROKEN
O ct 83 3188000 42492000 0 3000 1024000 lÆTER BROKEN
NOV 83 3178000 40953000 0 4000 765000 761000
Dec 83 3561000 42926000 0 0 708000 0
Jan  84 3239000 43038000 0 1000 710000 2000
Feb 84 3010000 39668000 0 0 700000 3000
Mar 84 3086000 42569000 0 2000 691000 4000
Apr 84 606000 41765000 0 4000 723000 6000
May 84 1000 43903000 0 6000 836000 6000
Jun 84 0 41296000 0 92000 1535000 1388000
Ju l 84 9499000 45864000 0 9194000 2637000 1389000
Aug 84 8654000 42790000 0 3786000 2097000 3000
Sep 84 4677000 40266000 0 381000 966000 4000
O ct 84 3808000 40408000 0 3000 1568000 4000
Nov 84 3161000 38843000 0 1000 3575000 4000
Dec 84 3192000 41036000 0 5000 3525000 5000
Jan  85 3159000 41457000 0 12000 739000 8000
Feb 85 2936000 38263000 0 14000 717000 5000
Mar 85 3168000 42257000 0 4000 915000 8000
Apr 85 2785000 39062000 0 3472000 946000 6000
May 85 
Jun 85
7000 44004000 0 7605000 1852000 33000
40000 44037000 0 10495000 2637000 159000
Ju l 85 388000 37312000 0 18921000 7362000 1554000
Aug 85 17000 35149000 0 1818000 2353000 79000
Sep 85 
O ct 85
2000 31528000 0 11000 1550000 3000
2000 30271000 0 3000 1319000 2000
Nov 85 3000 33171000 0 1000 1226000 6000
Dec 85 1000 37274000 0 4000 1246000 23000
Jan  86 2000 36385000 0 1000 1267000 9000
Feb 86 3000 32921000 0 1000 1177000 2000
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CSSSSBSmSSBSSSSSSCBCSSS;:SXSXXSBSSSCSSSSSSSSSS: :*SSSSC=SUSKS
Mar 86 3000 34542000 0 4000 1352000 10000
Apr 86 0 351980W 0 5000 1521000 4000
May 86 0 34517000 0 2615000 1778000 3000
Jun 86 0 35665000 0 8863000 2259000 352000
Ju l 86 0 36529000 0 6467000 3456000 187000
Aug 86 0 36871000 0 11345000 3969000 574000
Sep 86 0 31712000 0 3000 1557000 4000
O ct 86 0 37659000 0 3000 1376000 5000
Nov 86 0 35616000 0 5000 1357000 6000
Dec 86 0 37283000 0 5000 1359000 8000
Jan  87 1000 37058000 0 4000 1012000 7000
Feb 87 0 33422000 0 3000 704000 12000
Mar 87 0 36964000 0 5000 821000 9000
Apr 87 0 33418000 0 536000 876000 213000
May 87 0 356680% 0 1669000 1378000 295000
Jun 87 0 36353000 0 1859000 1687000 6867000
Ju l 87 0 36497000 0 3447000 2713000 3204000
Aug 87 0 38061000 0 2386000 3199000 803000
Sep 87 0 34454000 0 1571000 2966000 22000
Oct 87 0 34806000 0 12000 1296000 22000
Nov 87 0 35356000 0 20000 738000 15000
Dec 87 0 35003000 0 5000 730000 20000
Jan  88 0 36210000 0 11000 738000 . 38000
Feb 88 0 34273000 0 10000 800000 6000
Mar 88 0 36758000 0 7000 910000 13000
Apr 88 0 33367000 0 420000 1089000 13000
May 88 0 33805000 0 1088000 1701000 25000
Jun 88 0 34818000 0 3853000 2536000 368000
Ju l 88 0 38550000 0 7379000 4705000 1924000
Aug 88 65000 37481000 0 7320000 5178000 857000
Sep 88 63000 32887000 0 1644000 3140000 14000
O ct 88 1000 33683000 0 8000 1648000 27000
Nov 88 0 33616000 0 4000 943000 8000
Dec 88 2000 31569000 0 6000 1029000 5000
Jan  89 0 29879000 0 11000 991000 17000
Feb 89 1000 25650000 0 6000 939000 0
Mar 89 0 29400000 0 13000 970000 0
Apr 89 0 10932000 0 11000 1259000 15000
May 89 0 14662000 0 11000 1940000 13000
Jun 89 2000 26714000 0 225000 3562667 455000
Ju l 89 69000 28195500 0 78000 5517000 5028500
Aug 89 56000 26416000 0 20000 3474500 5094500
Sep 89 1000 21435500 0 1000 2089000 4000
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Jan  80 5448000 31000 67000 42390000 1511800 8382500
Feb 80 4642000 5000 13000 39804000 1515700 7694000
Mar 80 18000 23000 23314000 42828000 1636400 10167800
Apr 80 5618000 5801000 47421000 41227000 1563700 14999300
May 80 5472000 2082000 26526000 42309000 1343800 15648500
Jun 80 2652000 806000 54882000 34783000 379600 15262600
Ju l 80 17252000 12663000 57252000 37516000 0 1515003700
Aug 80 26618000 9995000 56552000 43400000 0 15557800
Sep 80 6672000 273000 43414000 40200000 0 13793900
O ct 80 2393000 27000 55567000 40300000 3592000 8097500
Nov 80 18000 365000 48314000 39000000 7483900 1252700
Dec 80 27000 400(K) 56140000 40300000 8778100 , 3525900
Jan  81 14000 30000 54259000 41489000 8609300 3690700
Feb 81 17000 25000 50401000 36214000 7085100 1525100
Mar 81 251000 54300W 25311000 8891000 8416000 2530500
Apr 81 496000 10000 16021000 14036000 7318500 4291300
May 81 248000 1134000 29617000 197000 8206000 3523100
Jun 81 626000 2255000 26919000 2197000 8684600 4596700
Ju l 81 6489000 1964000 49172000 7655000 8683100 15378500
Aug 81 21788000 4521000 53673000 10299000 9154600 14883800
Sep 81 5476000 21000 23224000 1073000 8796400 9842000
O ct 81 47000 23000 6000 50W 9238000 15706400
Nov 81 24000 13000 555000 191000 8853300 15045200
Dec 81 6000 19000 4000 144000 8453800 1559400
Jan  82 3000 20000 9000 26377000 8631900 1395200
Feb 82 18000 736000 32700000 17429000 3121500 5695300
Mar 82 38000 1825000 27000 40066000 8604800 1590700
Apr 82 141000 3946000 13000 342000 8306700 2083500
May 82 3172000 458000 26119000 1659000 9272700 8462900
Jun 82 11050000 6516000 18783000 2730000 8978900 11203800
Ju l 82 10426000 8124000 19001000 3087000 9205600 9056300
Aug 82 17826000 15680000 48621000 8578000 9205300 14003400
Sep 82 2382000 410000 23238000 1826000 8895800 7337700
O ct 82 11000 20000 10000 7000 8334800 1907900
Nov 82 1000 13000 20000 28447000 7819200 1684800
Dec 82 5000 20702000 15000 32921000 7405900 2526300
Jan  83 3000 6897000 3167000 41464000 8295500 1617000
Feb 83 13000 258000 321000 39499000 7308700 1663000
Mar 83 32000 51000 18000 23763000 8132100 1916300
Apr 83 88000 14000 15462000 4705000 8381600 4149300
May 83 744000 7000 20852000 5965000 8972500 7379700
Jun  83 7529000 18000 25143000 6194000 8815700 10097100
J u l 83 666000 94000 43369000 263000 9217100 4028500
Aug 83 14066000 7000 53360000 113000 9083500 7464100
Sep 83 1604000 8000 51287000 3000 8664900 1322500
O ct 83 1(K)0 6000 52988000 0 8224200 11600
Nov 83 0 5000 51336000 0 7895300 2100
Dec 83 0 5000 52674000 0 8515200 41700
Jan  84 630000 683000 52745000 361000 8103600 2374100
Feb 84 1776000 6439000 45917000 0 7780000 2495500
Mar 84 37000 254340W) 52898000 6000 8459300 1697400
Apr 84 25000 8000 45942000 7000 8375700 3161800
May 84 2915000 321000 50158000 1396000 8745400 5029000
Jun 84 21492000 20033000 47706000 29000 8687400 8077600
Ju l 84 40350000 48332000 28918000 3168000 9048800 15130200
Aug 84 49367000 26485000 8724000 698000 8970000 14033500
Sep 84 11182000 74460M 6217000 93000 8704000 6760600
O ct 84 9000 7000 5797000 149000 8580100 4392100
Nov 84 0 4000 161000 41000 7934100 3015500
Dec 84 3000 10000 44000 95000 8450500 3153100
Jan  85 4000 393000 608000 220000 8399000 3361800
Feb 85 33000 2010000 4000 2712000 7718500 3234000
Mar 85 7000 817000 42000 680000 8309300 3750000
Apr 85 37000 5144000 9000 3800000 8264900 5609900
May 85 302000 19849000 13901000 5732000 8960100 10928200
Jun  85 3106000 14427000 44698000 7908000 8677100 12005900
J u l 85 44779000 25297000 19516000 13028000 8996700 15359600
Aug 85 3728000 1774000 3000 2494000 8928600 11021700
Sep 85 
O ct 85
5000 248000 2000 0 8608000 6897500
3000 88000 3000 1000 8686700 4031500
Nov 85 5000 1687000 5000 7000 8580500 4017800
Dec 65 5000 3646000 7000 106000 9077900 4582500
Jan  86 8000 3867000 2213000 4000 8951000 5383800
Feb 86 3000 3505000 5000 66000 8078300 5426100
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Mar 86 12000 22WOOO 9000 374000 9010100 6528400
Apr 86 23000 9975CK)0 6000 726000 8670800 9243000
May 86 2984000 22608000 18864000 1024000 8825300 11388700
Jun  86 3256000 26878000 20190000 3856000 8101000 13432600
Ju l 86 6164000 26423000 28231000 3068000 6533200 14886600
Aug 86 11837000 32036000 56085000 3753000 8268600 14660200
Sep 86 4000 3807000 3435000 10000 8657400 8853300
O ct 86 19000 9M)0 7000 6000 9018300 7412200
Nov 86 8000 9000 4000 6000 8690100 6879500
Dec 86 9000 38000 14000 4000 8991900 7518600
Jan  87 6000 442000 5000 7000 8611300 7683100
Feb 87 4000 5000 5000 3000 7789800 7654500
Mar 87 4000 19000 8000 7000 8646200 8185200
Apr 87 433000 9765000 196000 962000 8596100 8940900
May 87 3912000 18430000 6000 26000 8949500 11882000
Jun 87 1986000 21175000 9264000 1815000 8608700 11810700
J u l 87 4343000 25653M 0 35691000 2174000 8408800 14164000
Aug 87 3497000 19394000 12000 867000 8226800 13458400
Sep 87 178000 14261(K)0 14000 676000 8111900 13748200
O ct 87 5000 5141000 13000 85000 8400800 9192500
Nov 87 164000 9<K)0 18000 7000 8123500 6478700
Dec 87 149000 9W 0 32000 3000 8451900 6475800
Jan  88 5000 9000 1000 4000 8393200 6168400
Feb 88 4000 5762000 1000 3000 7793300 6387800
Mar 88 3000 12000 21000 7000 8363600 6839800
Apr 88 4000 6463000 6000 177000 7876100 4929100
May 88 1320000 10650000 28000 630000 8478100 1279500
Jun 88 1106000 13975000 26794000 1621000 7699700 9831500
Ju l 88 5165000 27779000 54532000 2666000 8296100 15188800
Aug 88 8655000 26707000 54629000 3840000 8414200 15550000
Sep 88 11668000 13433000 37435000 1020000 7477100 14070900
O ct 88 9289000 19339000 METER SROKE 11000 6123400 12559000
NOV 88 254000 11574000 24000 5000 2712000 11791500
Dec 88 16000 20000 18000 25000 7165800 8768600
Jan  89 964000 542000 47000 18000 8200400 7469900
Feb 89 4000 34206000 5000 2000 7421600 7277800
Mar 89 109000 23530000 25000 4000 8293600 8615500
Apr 89 6000 45017000 20000 11000 7991300 8793400
May 89 8000 5048000 30000 25000 8399100 11157200
Jun  89 403667 17684333 8964000 502000 8131200 13885100
J u l 89 2972500 21016500 50539000 3226500 7853150 14571400
Aug 89 1878000 12396000 50997500 2247000 7912250 18631950
Sep 89 5000 3439500 35205500 29000 7910650 1388700
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
MOUNTAIN WATER COMPANY DISCHARGE DATA
DISCHARGE PER WELL IN GALLONS
1 8 2
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Jan  80 616000 16982000 270)0
Fab 80 942000 7497000 13000
Mar 80 3017000 19563000 17000
Apr 80 10948000 18309000 283000
May 80 11460000 8963000 228000
Jun 80 10944000 10689000 34000
Ju l 80 12007000 23928000 3765000
Aug 80 17593000 24832000 9983000
Sap 80 4638000 2130000 7000
O ct 80 2328000 17000 13000
Nov 80 5000 23000 171X10
Dac 80 222000 7020000 18000
Jan  81 280000 8000 25(X)0
Fab 81 3000 14000 70)0
Mar 81 36000 62000 5060000
Apr 81 452000 2811000 80)0
May 81 774000 868000 85000
Jun 81 1365000 6688000 477000
Ju l 81 19967000 36886000 136940)0
Aug 81 1405800 37592000 13684000
Sap 81 3335000 8683000 3956000
O ct 81 7089000 18000 11000
Nov 81 7005000 365000 11000
Dac 81 281000 11876000 413000
Jan  82 18000 51000 3246000
Feb 82 358000 77000 150)0
Mar 82 14000 748000 13000
Apr 82 12000 4348000 20000
May 82 1823000 14828000 2544000
Jun 82 4827000 27556000 4448000
Ju l 82 4667000 22406000 5094000
Aug 82 8401000 ■ 45209000 4775000
Sap 82 1925000 19146000 446000
O ct 82 6000 7000 5000
Nov 82 11000 10655000 15000
Dac 82 48000 7141000 200000
Jan  83 4000 9412000 404000
F ^  83 16000 16809000 226000
Mar 83 12000 10921000 11000
Apr 83 131000 31127000 452000
May 83 1595000 45629000 1882000
Jun  83 3899000 26474000 6190000
J u l 83 4148000 31413000 2970000
Aug 83 6735000 45617000 3333000
Sap 83 3235000 21402000 1467000
O ct 83 1440000 4000 5000
Nov 83 1253000 4000 5000
Dec 83 1765000 2000 2000
Jan  84 623000 2910000 5000
Feb 84 51000 5789000 6000
Mar 84 821000 294000 7000
Apr 84 757000 9636000 5000
May 84 201000 2320000 243000
Jun  84 2023000 19223000 2813000
Ju l 84 16023000 6185000 10998000
Aug 84 7891000 20836000 3633000
Sep 84 787000 12072000 2000
O ct 84 97000 13730000 4000
Nov 84 3000 % 2000 4000
Dec 84 5000 5000 5000
Jan  85 3000 7000 4000
Feb 85 2000 949000 3000
Mar 85 39000 1062000 5000
Apr 85 501000 4491000 8433000
May 85 5129000 15032000 938000
Jun  85 10816000 18658000 7806000
J u l 85 25145000 32897000 13478000
Aug 85 3320000 4579000 331000
Sep 85 484000 410000 2000
O ct 85 2000 8000 1000
Nov 85 42000 4000 3000
Dec 85 13000 6000 5000
Ja n  86 6000 13000 3000
Fab 86 2000 4000 2000
WELL «28 WELL «29 WELL «30
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DATE WELL «25 WELL «26 WELL «27 WELL «28 WELL «29 WELL «30szssssx ss s s s s s s s s s s s s s s s s s s s s s s s s sc s s s x s s s s s s s s s s s s s ssssssssssaxaess sssssssssx s:
Mar 86 57000 4W0 4000 0 7433000 143054000
Apr 86 522000 5000 4000 0 8323000 136410000
May 86 5119000 32462000 712CKI0 0 11909000 141062000
Jun 86 15318000 29675000 3118000 0 16935000 97107000
Ju l 86 14820000 22963000 1268(M)0 0 17319000 45164000
Aug 86 19990000 45383000 2723000 0 20792000 61769000
Sep 86 837000 2705000 3(M)0 0 7295000 3708000
O ct 86 646000 3000 4000 0 6128000 111000
Nov 86 914000 4000 4(XX> 0 5637000 7000
Dec 86 850000 6000 10000 0 5939000 63000
Jan  87 1060000 3000 6000 0 6299000 112000
Fab 87 1143000 5000 4(M0 0 5779000 15000
Mar 87 1077000 10000 7000 0 6509000 12000
Apr 87 2407000 159000 4000 0 8611000 5033000
May 87 5330000 6000 163000 0 13049000 14801000
Jun 87 9196000 11897000 386000 0 13951000 22817000
J u l 87 13641000 44960000 909000 0 15283000 32379000
Aug 87 1350ffi)00 44741000 496000 0 16679000 32456000
Sep 87 10405000 43012000 6000 0 13593000 21672000
O ct 87 1553000 14272000 9000 0 8373000 12000
Nov 87 298000 27000 11000 0 6578000 114479000
Dec 87 201000 10000 4000 0 6621000 139724000
Jan  88 188000 22000 5000 0 6596000 140550000
Feb 88 153000 6000 3(N)0 0 6063000 130717000
Mar 88 291000 8000 4000 0 6575000 140048000
Apr 88 4711000 6000 4000 0 8071000 135914000
May 88 12709000 12617000 4000 0 10796000 141468000
Jun 88 13799000 43369000 194W0 0 15538000 132863000
Ju l 88 18932000 44955000 1817000 0 21277000 141535000
Aug 88 20947000 43948000 526000 0 22021000 140864000
Sep 88 8243000 37743000 192000 0 13306000 135753000
O ct 88 1725000 6000 9000 0 8473000 131410000
Nov 88 1093000 6000 4000 0 6229000 126760000
Dec 88 458000 8000 6000 0 6406000 131477000
Jan  89 468000 13000 IIM O 0 6562000 82195000
Feb 89 459000 7000 3000 0 6767000 882000
Mar 89 491000 6000 6CKI0 0 6797000 2264000
Apr 89 889000 23000 6M 0 0 7002000 22180000
May 89 3346000 12000 13000 0 9983000 164000
Jun 89 10951667 14000 6000 0 14942333 14551000
Ju l 89 18145000 8000 681000 0 19378500 35898000
Aug 89 14522000 21302000 121000 0 16189000 24567000
Sep 89 2194500 41721000 6000 0 8918500 48053000
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MOUNTAIN WATER COMPANY DISCHARGE DATA
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DATE WELL «31 WELL «32 WELL «33 WELL «34 WELL «35 WELL «36
x ssssssssss
Jan  80 41507000 126645000 52000 117000 75000 0
Feb 80 38196000 114380000 37000 41000 40000 0
Mar 80 4452000 78439000 18000 112000 22000 0
Apr 80 38261000 55109000 8670000 22396000 2182000 0
May 80 31309000 60213000 8897000 17006000 429000 0
Jun  80 103000 143000 161000 141000 41000 0
Ju l 80 27000 6312000 396000 2348000 5264000 0
Aug 80 26000 78430000 36000 4303000 2139000 0
Sep 80 8000 1612000 10000 11000 28000 0
O ct 80 184000 6545000 27000 35000 34000 0
Nov 80 7000 15000 15000 17000 27000 0
Dec 80 13439000 12269000 4564000 13226000 47000 2000
Jan  81 8000 8000 11000 12000 26000 189000
Feb 81 177000 25000 24000 6621000 17000 0
Mar 81 12000 11000 10000 9000 18000 0
Apr 81 13625000 13742000 4641000 12393000 8000 41000
May 81 51103000 47180000 22690000 50254000 15000 76000
Jun 81 30000 10000 2000 7000 867000 295000
Ju l 81 18000 18872000 64000 69000 14795000 12000
Aug 81 18000 4706000 16000 24000 10188000 12158000
Sep 81 3233000 29115000 18000 10000 9000 1398000
O ct 81 16000 97000 0 5000 20000 6000
Nov 81 113000 994000 0 13000 28000 7000
Dec 81 23000 19000 0 12000 4000 101000
Jan  82 7791000 9067000 0 8000 0 0
Feb 82 84200000 84704000 0 42269000 20000 6000
Mar 82 51000 236000 0 16000 0 0
Apr 82 1084000 1000 0 7000 0 15000
May 82 74063000 73738M 0 21371000 45677000 18000 2897000
Jun 82 46476000 46698C»0 11822000 27794000 379000 8013000
Ju l 82 12000 1476000 8000 12000 2679000 7746000
Aug 82 24000 9000 0 9000 2596000 23948000
Sep 82 38000 3182000 314000 1829000 37000 1077000
O ct 82 5000 6000 12000 5000 0 20000
Nov 82 12000 6000 8000 7000 0 7000
Dec 82 8000 7000 11000 8000 2000 2000
Jan  83 5000 7000 8000 7000 0 0
Feb 83 21000 9000 6000 9000 10000 4000
Mar 83 6000 16000 10000 8000 0 2000
Apr 83 7000 9000 7000 10000 0 2000
May 83 33486000 30922000 19647000 29960000 237000 64000
Jun 83 10215000 15274000 3996000 7054000 1784000 2998000
J u l 83 107246000 76963000 20408000 72472000 11000 25476000
Aug 83 152660000 136822000 42876000 108035000 1000 41731000
Sep 83 147949000 131304000 10096000 87193000 12000 39672000
O ct 83 150737000 136256000 583000 71272000 0 40735000
Nov 83 135668000 127821000 12757000 74636000 2000 39585000
Dec 83 152900000 135296000 3319000 103254000 1000 41170000
Ja n  84 151099000 136225000 25266000 131711000 2000 40701000
Feb 84 131922000 1211310W) 36563000 125215000 1000 40493000
Mar 84 148893000 134989000 30170000 136534552 2000 42805000
Apr 84 146558000 121388000 45867000 117018720 12000 41459000
May 84 152208000 136582000 29642000 114618336 4000 43780000
Jun 84 85962000 122607000 21909000 83929030 35000 44556000
J u l 84 122475000 76697000 110935000 259630000 83852000 48572000
Aug 84 101009000 20648000 113474000 238600000 52684000 46081000
Sep 84 
O ct 84
80373000 1425000 27198000 219370000 15085872 43102000
78274000 7000 9951000 223890000 2881536 33668000
Nov 84 99466000 4000 9000 256190000 3000 0
Dec 84 113820000 0 4000 268340000 6000 225000
Jan  85 100416000 0 3426000 258330000 448000 3000
Feb 85 94577000 0 208000 213950000 49000 126000




3742000 103874000 875000 238780000 30000 186000
46099000 120569000 42504000 235090000 7585000 3753000
60654000 124385000 34833000 221120000 20107000 12152000




24526000 127262000 8150000 193730000 10101000 1120000
20148000 92376000 1514000 196680000 5469000 4000
9000 96221000 2307000 210580000 1898000 2000
Nov 85 92000 87323000 1650000 231530000 865000 51000
Dec 85 11733000 89685000 811000 223540000 726000 4000
Ja n  84 972000 96456000 14741000 187930000 9991000 22000
Feb 86 263000 91695000 263000 189830000 7000 29000
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Aug 83 0
Sep 83 0









Ju l 84 0
Aug 84 0
Sep 84 0
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Jun  88 42342000
Ju l 88 54569000
Aug 88 55401000
Sep 88 23872000
O ct 88 43141000
Nov 88 40944000
Dec 88 21816000





J w  89 35259667
Ju l 89 25869500
Aug 89 9662500
Sep 89 0
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VALLEY WEST WELLS pumping totals 
Reserve Street and Mullan Road (NE quad)
Monthly Pumping Totals (gallons)




8 e 7 4 : L 0
Dec-8 8 1209000 1228000
Jan-8 9 884000 905000
Feb-8 9 1127000 1163000
Mar-8 9 1018000 1003000
Apr-8 9 1314000 1334000
May-89 1933000 1960000
Jun-8 9 2631000 2730000
Jul-89 3673000 3599000
Aug-8 9 2787000 3060000
Sep-89 2020000 1969000
Oct-89 1494000 1614000
Nov-8 9 862000 690000
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Mountain Water Company Total Monthly Production
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MOUNTAIN WATER COMPANY MONTHLY TOTAL PRODUCTION 190
DISCHARGE IN GALLONS DISCHARGE IN GALLONS
»NTH TOTAL DISCHARGE FROM MONTH TOTAL DISCHARGE FROM
DISCHARGE WELLS ONLY DISCHARGE WELLS ONLY
Ja n 2 5 2 3 0 0 0 0 0 0 J a n 78 706170000
Feb 2 5 8 6 9 5 0 0 0 0 Mar 78 681800000
Max 2 5 6 7 1 1 0 0 0 0 Mar 78 6 75090000
A pr 2 6 3 8 4 9 0 0 0 0 A pr 78 720230000
May 2 6 9 1 3 8 0 0 0 0 May 78 652120000
J u n 2 9 2 8 3 4 0 0 0 0 Ju n 78 820560000
J u l 2 9 7 9 3 2 0 0 0 0 J u l 78 853900000
Aug 2 110 7 1 6 0 0 0 0 Aug 78 1074440000
S ep 2 9 4 4 7 6 0 0 0 0 S ep 78 710050000
O c t 2 6 7 9 3 8 0 0 0 0 O c t 78 7 60120000
Nov 2 6 4 5 7 0 0 0 0 0 Nov 78 684280000
Dec 2 6 3 9 6 9 0 0 0 0 Dec 78 632400000
J a n 3 6 93790000 J a n 79 755210000
Mar 3 6 8 0 5 3 0 0 0 0 Mar 79 846150000
Mar 3 6 11310000 Mar 79 749900000
A pr 3 71318 0 0 0 0 A pr 79 709910000
May 3 88151 0 0 0 0 May 79 759480000
Ju n 3 94232 0 0 0 0 Ju n 79 1011040000
J u l 3 1178 8 4 0 0 0 0 J u l 79 1105330000
Aug 3 1308 2 0 0 0 0 0 Aug 79 1144470000
S ep 3 67545 0 0 0 0 S ep 79 843430000
O c t 3 44700 0 0 0 0 O c t 79 779330000
Nov 3 454820000 Nov 79 640040000
Dec 3 582650000 Dec 79 590320000
Ja n k 61848 0 0 0 0 J a n 80 628870000 394739300
Mar k 620150000 Feb 80 589170000 358777700
Mar k 560910000 Mar 80 615530000 303011200
A pt k 640480000 A pr 80 6 73720000 425654000
May k 694960000 May 80 7 26920000 379676900
J u n k 867080000 J u n 80 6 26890000 267011500
J u l k 863450000 J u l 80 8 78580000 463885700
Aug k 883500000 Aug 80 9 92640000 576710200
Sep k 668830000 S ep 80 6 63340000 305486200
O c t k 564980000 O c t 80 6 20880000 294725300
Nov k 495120000 Nov 80 545050000 240475700
Dec k 502440000 Dec 80 5 64060000 280188100
Ja n 5 510530000 J a n 81 5 40710000 232699100
Mar 5 531590000 Mar 81 5 09420000 238893600
Mar 5 680480000 M at 81 5 76080000 254207900
A pr 5 7 29670000 A pr 81 6 04160000 302079300
May 5 698140000 May 81 6 50150000 403357600
J u n 5 938810000 Ju n 81 5 82490000 224160000
J u l 5 981080000 J u l 81 9 66130000 470334500
Aug 5 1043920000 Aug 81 1038430000 536914000
S ep 5 574110000 S ep 81 651040000 288513000
O c t 5 5 27310000 O c t 81 5 16860000 156319300
Nov 5 5 25960000 Nov 81 303190000 114679900
Dec 5 516480000 Dec 81 446710000 123450200
J a n 6 532090000 J a n 82 5 05570000 173556400
Feb 6 525810000 Mar 82 523940000 375139900
M ar 6 479290000 Mar 82 516520000 170849000
A pr 6 615500000 A pr 82 5 20970000 126944000
May 6 798310000 May 82 706820000 457767700
J u n 6 1 0 0 7940000 Ju n 82 797250000 455729500
J u l 6 1017370000 J u l 82 777810000 346906800
Aug 6 922810000 Aug 82 9 47440000 484416600
S ep 6 880230000 S ep 82 6 54890000 278761300
O c t 6 75792 0 0 0 0 O c t 82 528120000 162750300
Nov 6 68971 0 0 0 0 Nov 82 4 55140000 171666600
Dec 6 7 64690000 Dec 82 512190000 188493300
Ja n 7 80162 0 0 0 0 J a n 83 503900000 196582200
Mar 7 81147 0 0 0 0 Mar 83 4 41620000 169724700
Mar 7 55893 0 0 0 0 M at 83 4 76510000 133384400
A pr 7 63716 0 0 0 0 A pr 83 563690000 160028900
May 7 75324 0 0 0 0 May 83 735180000 342877700
J u n 7 80298 0 0 0 0 J u n 83 866440000 398599100
J u l 7 1057 7 2 0 0 0 0 J u l 83 763680000 633905000
Aug 7 1 1 2 5 6 6 0 0 0 0 Aug 83 889690000 889690000
S ep 7 866800000 S ep 83 701640000 701640000
O c t 7 6 6 2 4 5 0 0 0 0 O c t 83 6 49630000 649630000
Nov 7 6 5 3 0 4 0 0 0 0 Nov 83 6 08710000 606710000
Dec 7 6 6859 0 0 0 0 Dec 83 644840000 644840000
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J a n 84 6 9 9 3 5 0 0 0 0 699350000
F ab 84 6 6 4 3 0 0 0 0 0 6 64300000
Mar 84 7 0 7 7 7 0 0 0 0 707770000
A pr 84 7 0 6 4 5 0 0 0 0 706450000
May 84 7 5322 0 0 0 0 7 53220000
Ju n 84 8 4 1 8 3 0 0 0 0 841830000
J u l 84 1 3 2 8280000 1328280000
Aug 84 1 1 2 4750000 1124750000
Sap 84 77635 0 0 0 0 776350000
O ct 84 71647 0 0 0 0 718470000
Nov 84 64983 0 0 0 0 649830000
Dac 84 69190 0 0 0 0 691900000
J a n 85 70112 0 0 0 0 701120000
Met 85 63476 0 0 0 0 634760000
Mar 85 71814 0 0 0 0 718140000
A pr 85 739890000 739890000
May 85 98828 0 0 0 0 988280000
Ju n 85 1087280000 1087280000
J u l 85 1512830000 1512830000
Aug 85 85917 0 0 0 0 859170000
Sap 65 69013 0 0 0 0 690130000
O ct 85 64845 0 0 0 0 6 48450000
Nov 85 62148 0 0 0 0 621480000
Dac 85 64443 0 0 0 0 644430000
J a n 86 65618 0 0 0 0 656180000
Mar 86 5 96430000 596430000
Mac 86 6 7 3 7 7 0 0 0 0 6 73770000
Apr 86 69329 0 0 0 0 693290000
May 86 86758 0 0 0 0 867580000
Ju n 86 1115730000 1115730000
J u l 86 1099160000 1099160000
Aug 86 1254510000 1254510000
S ep 86 703150000 703150000
O ct 86 65157 0 0 0 0 651570000
Nov 86 58891 0 0 0 0 588910000
Dac 86 585140000 585140000
J a n 87 598370000 598370000
Mar 87 550350000 550350000
Mar 87 61785 0 0 0 0 617850000
A pr 87 6 63710000 663710000
May 87 821280000 821280000
Ju n 87 8 63340000 863340000
J u l 87 9 75330000 975330000
Aug 87 9 52310000 952310000
Sep 87 8 26520000 826520000
O c t 87 6 14976300 614976300
Nov 87 5 30205800 530205800
Dec 87 5 32203800 532203600
J a n 88 5 53728500 553728500
Fab 88 52131 9 8 0 0 521319800
Mac 88 563998200 563998200
A pr 88 61 6 2 6 4 0 0 0 616264000
May 88 715484600 715484600
J u n 88 660487600 860487600
J u l 88 1 1 0 6519800 1106519800
Aug 88 1 1 4 3943800 1143943800
Sap 88 740328400 740328400
O c t 88 5 3 8 7 1 2 6 0 0 538712600
Nov 86 5 0 7 0 5 0 8 0 0 507050800
Dec 88 5 1 5 0 9 8 8 0 0 515098800
Ja n 89 53802 9 2 0 0 538029200
Mar 89 49230 8 9 0 0 492308900
Mar 89 5 3 4 1 1 5 0 0 0 534115000
A pr 89 553469700 553469700
May 89 6 5 5 4 8 5 1 0 0 655485100
Ju n 89 82562 0 7 6 7 825620767
J u l 89 97958 3 2 5 0 979583250
Aug 89 78930 8 4 5 0 789308450
S ap 89 46884 5 8 5 0 468845850
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Appendix D.l: Mountain Water Company Well Logs
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MWC-2
tog  of Well
Depth,feet 
From 1 To Description of Material Drilled
1
d ? ' 1 Z "
/ o '
/ o  ' '
Z /  "
-r-jr '
/ . a , '
6  S’ '
^  ^  ' ,7/ '
7  / ' 7 ? ‘ /̂ /rr̂  1/̂  /C /
7 ^ ' efr>- /  ' /  /
1
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M W C - 3 hoc of 'Well
Depth, feet 
From I To Description of Material Drilled
^o' 32'.....
iJjT' /STyVf 1% ,̂» /  . . .
Z f  ' fa r-.^u > eJ  . f f j r c /  /, /T//* f .
/ i " ..... . / / ' ' - ' f
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1 9 6
17—iSOO Tri». «-<• XM24
Top O f Ground
(Elev. above sea level______ )
0 t4> 5* t«p eoU and boulders 
5* to  5d* clay , gravel and 
boulders 
50'  to  60'  water» sand, seme 
n a v e l  and clay 
60* to  T9' clay , gravel 
and cobble atones 
79' to  80* clay , gravel 
60' to  9U' water, clay, 
big gravel 
9U' to  98' gravel and 
sand, water 
98' to  110' big gravel, 
sand and water
MONTANA STATE BOARD OF HEALTH 
Division of Sanitary Engineering 
Helena, Montana
WELL DRILLER'S REPORT
Driller's Registration No— -----
DrilIer__01«na.CME Address. 70? Mlaeô _
Owner of Well_____jtentgaJPower Jggpany______________
Exact LocaUon of Well Ruas a l l  & Strand
Nearest Post Office ----
Water to be Used for City Water
f/Minty Klaeoula
Drilling Begun-j/33/59„ Well Finished—iAlÆL




K ind an d  
W « l(b t of 
Moicj-i»! Uaed ifSm <rMi)
PXRTORATIONS
1 1 Î? <Rf?> To<P «tt)
- Hi" standard 0 1 1 0 ' Mill* 9S' 109'
0 . 0 . 3/8" Sid* 1 '  afcovf Knlv*
Wall ground





Describe the type of joints in casing MAdid-
Describe any screens used-
Capacity of Well. 
How Determined-
( la  OaUoat o r B a m li)
(P u n p . Bftilcr. W«ir. S ie.)
Signed tgiwn Cas?)_______
Show exact depth of bottom.
T W irU C A T K  -  T O  # E  R E T A IN E D  D T B R IL L E R





Prom j To Description of Material Drilled
6 '  ! Z."
5 ' x4s-
j r / ' f  ili/l'/ifr'
-T/ ' '
CfJ. / / o o  '
_ / O o *
/O Q  ' / / & ' f  / üiJL  V
/ / 7  ' / / y .'/ /
1
•





From j To Description of Material Drilled
o '
/ L '
7 / ' 7 .L '.
f X '
/ / /  '
/ / / /  1 n s *
/ / f '  1 /2 .X ‘
X
*'





From To Description of Material Drilled
m  ' _ /O'
/O' _ S o  '
1 ^
77'
fJT' -/tt r -, '.V......
//2'
y/iJ -/ S '
/ z -k‘ /.9 m'
y a z '
y ^ z '
•
'
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M W C - 1 1
Su K. IT—SSOO Trip. S-U t3ST4
Top of Ground 
(EJev. above sea leveL
N o.
— )
9 to  8* Blaek muck and eraval
MONTANA STATE BOARD OF HEALTH 
Division of SoniUrjr Engineering 
Helena, Moatana
WELL DRILLER'S REPORT
8* to  5U* yallow olay and gravel
DrUler_M»Sn_£«SE-
to  ^6* socd and sn a il 
gravel «• some enter.
56* to  77* olay and gravel
Driller’s Registration No .?15—
 Address 705 Aider--------
Owner of W ell The ■Iten.tena-l’OBer-Coaipany-
77* to  86* aand end email 
gravel some e a te r .
86* to  115’ sand and large 
gravel w ith  e a te r .
115* to  117* olay end gravel
Exact LocaUon of WeU.Purk_%d_Agm9e_g.tM!q$________
Nearest Post Office Ml»«o%lo______ County_J».WO.ula_
Water to be Used for City.jlatoz_______________
Drilling Begun—6v21-57_______ Well Finished—7-Ü-57—




Total depth 118* Ao6" from top 
o f pipe.
K ind .P 4  Weight o/ 
M stert&l. Vwd








lenlfoC ; hole* t  < fo o t.




Describe the type of joints in casing—
Describe any screens used M&_S.QnKUU..
Capacity of W ell Mot Taatad.
( In  GbUona o r  B o in li )
How Determined-
(P u m p . fiiaUcr. W eir. Ete.)
Signed-/l|/.GlBHn Camp------------
Date_7/Ëi/S7-
Show exact depth of bottom.
Twirueatm -  t o  ma m trA iN C D  mv o h i l l x r
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( /V« <» fr/a>’n y/ê v 7'r i
PwWwlWwg Cm.. Helen». Meni«nt— »
4̂  -  _/ÿjy______Æ.Ln..
Count
Top of Cronnd 
(£lar. àbotro ••» loroL
STATE or MONTANA 
ADMINISTRATOR 0? GROUNDWATER CODE 
OmCE OF STATE ENGINEER
-)
C to  17* 5ould'ir»,CT»r»l ft d r y  
17' to  13' ***11 CFfcvrl 
13« to 31' rottlîïor» A fTTftooî’"" 
31 '  to  Î 2 '  bouldor*er»To%_ jOdUer. 
ft o a to r
5."̂ ' to  47» Clfcy. A
47* to  5C* Crsvol ft n a to r
30' to  55* Cloy ft ernvol
55' to  70' Cr&val ft iratop
70 ' to  35* r.ravol ft eXcy
30' to 113' Cl6y,crowl
ft vatop
Notice of Completion of Groundwater 
Appropriation by M eans of Well
(Dader Chapter 237, MonUtoe Sewioo Law», 19C1]
koll u? t-in 5:i;'.%i7aw»
V<tr,iit\9 y« teT  . . .  Cji'i?.* ri' ‘•rt:; '•
—— —— " — —  ........— AddrtM_4!f.My.r..).^y--;^. J ^
ClPTi l!jrn 7C5
.Addre»».
Dele of Notiee of Appropriation of Cronnd water  —— ...... -
.V.ÜO . J'vJy 0.1ÎJ4
Date well atarted- ,.  ......   Date Completed .....——
Type of well_
Trille:
(dor. drieca. bored or 
drilled)
Water Dae: Demettie □ 
Indnatrial □
Equipment Used..
C’..jrn . l i l l l







^ 3  Indicate on the diagram the character and thicknesa of the different
1 13 ’ to  1 2 3 ' C p av o l ft n o  tap  atrata met with in drilling, aueb as aoil, clay, abale, gravel, rock or aand, eta.
  Show depth at which water ia encountered, thickness and character of water*
123* t o  127 C lfty ft c ^ a v e l  bearing atrata and height to which water rises in the well.
•b««f Wrtm T.Ortüti WriMW f «Two WM)CMW»
3* cbov t C. L.
• 12" 12" 1 .3 . to  1 % * .1 " '
53,3': /  .












o l r s ln  
nr-*"
Static Water Level for non-flowing Well.. 
Shut-in Pressure for Flowing Well-






 feet at-----------------gaL per minute.
Discharge ia gaL per min. of Cowing well_________________
Vest it;2.y ^ livuro
Bow Tested------------------------------kngth of Test....................
Remarks : (Gravel packing, cementing, packers, type of ahutoff, loca­
tion of place of use of groundwater if not at weU, and any 
ether similar pertinent information, including number of
acres irrigated, if uaed for irrigation)__
—A>V>4— Sec.6 6  T/&̂  IlZSjkr'----
Indicate location of well and 
place of use, if possible. Each 
small square represents 10 acres.
Show exact depth of bottom, nOIITA!!' fO lE R  C O .
■T,T?-nre-r"‘-.7'
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Poï no— 603 (Rev. 3 /7 5 )
<• .  STATE OF MONTANA
Department o f  Natural Resources 'and Conservation
■; I '
WELL LOG REPORT '
F ile  No.
White-Department 
Pink-Bureau 
Yellow-W ell owner 
G old -D riller
S ta te  lau  re q u ire s  th a t  t h i s  form be f i l e d  by th e  u a te r  w e ll d r i l l e r  w ith in  CO days a f te r  
com pletion  o f  th e  w e l l ,  and Fom S02, F otice o f  Completion o f  Croundjater Development, be 
f i l e d  by the  w e ll owner w ith in  CO days a f t e r  th e  w ater has been put to  b e n e fic ia l use.
1 . WELL OWNER
Name t ” -’ i.rnnr m  pmwtR r.O.
Current
address Hu ; s e l l  S t . .  Ml = /uLi, Kt. 59W01





k Sec. T2 ~ , T. I'i N-S. R. 19 E-W
3. PROPOSED USE
in d u s tr ia l;
jd o n e s t ie  (in c lu d es lawn and ga rd en ): 
2______ ir r ig a t io n ;  ___
stock; m unicipal;
Other (sp ec ify )
4 .  METHOD DRILLED c a b le . bored.
_forwaird ro ta ry , 
j e t t e d ,  _
rev erse  ro tary .
o th er  (s p e c ify )
5. WELL CONSTRUCTION 
Diameter o f  h o le  
C asing; v s t e e l ,
t hreaded. y weld ed
depth 1 no f t .
, co n cre te , 
oth er  (sp ec ify )
P ipe w eight:
Dia. Prom To
l b / f t
l b / f t
-12- _in .
in .




Was ca sin g  l e f t  open end? ____
Was a w e ll screen  in s t a l l e d ?  __
M ateria l ■ , d ia . _ _ ___
( s t a in l e s s  s t e e l ,  b ronze, e t c . ]
Was p erfora ted  p ip e  used? v Ye s  _
P e r fo ra tio n  type: v s l o t s  _______
S iz e  n/R vnse t  fro m oi f t .  to  1 no  
S iz e  s e t  from f t .  t o
Was a packer or s e a l  used? _ _ _ _
I f  s o , what m ater ia l 
W ell ty p e: Str a ig h t  screen
Was th e  w e ll grouted; Ye s








h o le s
2_ft.
 f t .
X No
M ater ia l used in  grou tin g
W ell head com pletion; P i t l e s s  adapter_
12 in .  above grade v , o th er
( i f  o th e r , sp e c ify )
Was w e ll  d is in fe c te d ?  » Yes ___ No
6 . WATER LEVEL
S t a t ic  w ater l e v e l  18 f t .  below land su rface  
I f  flow in g : c lo s e d - in  p ressu re  ps i
through_______gpa flow  
C on tro lled  by; v a lv e
inch  pipe 
reducers
o th er  (s p e c ify )
7 . WEU. TEST DATA x Pump 
( i f  o th e r , s p e c i fy )_____
B a ile r Other
Pumping l e v e l  below l«md su rfa ce ;
38 f t ,  a f t e r  hrs. pumping 100

























'.‘on an il r.T-nv.»1
■Î'. I t y  - ; Frnv.:'!
Pl.»y ...fl r.y.v.'l
C l a y  a n  I f  r . i v n i
J—  I), 1976
cr  ,V" I 1- Water
(use sep arate  sh eet i f  necessary)
9 . DATE STARTED , n  r i no A
DATE COMPLETED  ̂ ^
10. WAS WELL PLUGGED OR ABANDONED? 
I f  SO. how?______________________
Yes No
11. DRILLER'S CERTIFICATION
T his w e ll  was d r i l le d  under my ju r isd ic t io n  
and t h i s  rep ort i s  tru e  to  the b e s t  o f  my 
know ledge.
D r i l l e r ' s  or firm  name
-23S-
License No.
! O? C ih-tli ’f. , 1:1 . M+.
Tiinc 8 . \V?U
sighed  by
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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2 0 3
,0 3  (R ev. 3 /7 5 )
STATE OF MONTANA 
Department o f  Natural Resources and Conservation




Yellow-W ell owner 
G old -D riller
S ta te  IcBJ r e t i r e s  th a t  t h i s  f o m  be f i l e d  by the mater w ell d r i l l e r  u i th in  60 days a f te r  
oom pletian o f  th e  w e ll , and Form 602, N otice o f  Carrpletion o f  O o u n d ja tc r  Development, be 
f i l e d  by th e  w e ll ouner w ith in  60 days a f t e r  the  w ater has been p u t to  b e n e fic ia l use.
1. WEU. OWNER
Name_________ TK£ tiOKTA'JA C Ci-i.»ANÏ
Current
address Tiustiell , t . . rti- n ou la , l i t .  598Û1
2. WEU. LOCATION Lot_
C oun ty  M iqennin
Block Su bdivision  
 ̂ S ec ._______, T. N-S, E-W
3 . PROPOSED USE
in d u s tr ia l;
_d on estic  (in c lu d es lawn and garden); 
_______ ir r ig a t io n ;  oth er  (sp ec ify )
stock; X municipal;
4. METHOD DRILLED X c a b le . bored.
_forwaxd r o ta ry , _  
j e t t e d ,  ______ o th er  (sp e c ify )
rev erse  ro ta ry .
5. well CONSTRUCTION 
Diameter o f  h o le  
Cas in g : x s t e e l ,
thread ed , x w elded.
i n . ;  depth lL6 f t .
co n c r e te , 
o th er  (s p e c ify )
P ipe w eigh t:
17 l b / f t  
_______l b / f t
D ia. From To
_in . P u lled  Ft. 
in .  f t .
Was ca s in g  l e f t  open end? X Yes 
YesWas a w e ll  screen  in s t a l l e d ?  ____
M ateria l , d ia .  _ _
( s t a in l e s s  S t e e l ,  b ron ze, e t c . )  
Was p erfora ted  p ipe used? Yes
P er fo ra tio n  typ e; s l o t s  ____








s e t  from
to_ 
f t .  to
Has a packer or s e a l  used? _
I f  s o ,  what S la ter ia l______ , .
Well type:  S tr a ig h t screen
Was th e  w e ll grou ted ;  Yes
To what depth: __________________
Yes
h o le s
f t .
 f t .
X No
_Graveled
~   No
f t .
M ateria l used in  g rou tin g______________
W ell head com pletion; P i t l e s s  adapter_
13 i n .  above grade , o th er
( i f  o th e r , sp e c ify )
Was w e ll  d is in fe c te d ?  _______Yes ___ No
6 . WATER LEVEL
S t a t ic  w ater l e v e l  f t .  be low land su rface
I f  flow in g : c lo s e d - in  p ressu re___________ p s i
gpn flow __________ through___________ inch  p ipe
C o n tro lled  by: v a lv e reducers
o th er  ( s p e c ify )
7 . WELL TEST DATA  Pump
( i f  o th e r , sp e c ify )
B a iler Other
Pum ping l e v e l  b e lo w  la n d  s u r f a c e :  
_______ f t .  a f t e r  _ h rs . pum ping
f t .  a f t e r hrs. pumping
_gpm
_9Pm
8 . WELL LOG














3.T.ntl, C ravel & v.'ntu
ünhd iK- ii’nt.er
banu, UraveI a Water
m̂ Y t Crnvni
5 a n . .  ■ r . y - i v n ' l  A
(use separate sh ee t i f  necessary)
9 . DATE STARTED ItlTCh 30 , 1976
DATE COMPLETED ■AXS.11 .f»..
10 . WAS WELL PLUGGED OR ABANDONED?  Yes x No
I f  s o , how? CaulRT n u lled  -  12" d r ill.-J
11. DRILLER'S CERTIFICATION
This w e ll was d r i l le d  under my ju r isd ic t io n  
and th is  report i s  true to  the b e s t  o f  my 
knowledge.
J.ilLLI::: a FU.iF IURPLÏ 239
D r i l l e r 's  or firm  name L icense No.
1622 2 .  14th » . .  Hl-.nmjln. Ht.. «iORhl----
Juno 0, 1976
s 2 ^ e d  by
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .






T«p of Oroomd 
(Bor. obevo mo lotoL.
, I T A n  OP MOHTAirA 
ADMnn*T*ATO» or okoovdwatb oobb 
om m  or r a t i  n o o n z t
)
B to  59 ' Sroy c lay ,g ro v « i 
A bou ldora  
59 ' to  63 ' Ton e loy ,g7s«ol 
A Oouldora 
6 3 '  t o  8 6 '  C la y  A G ra v a i 
8 6 '  t o  8 7 '  G rav a t,O m ,ld a * w n ,r_ _ M o m t« 0 # _ ro o o r 
A o a t  o r
N otk# of Complotion of Orourxfwator 
Appropriation by M aant of Wall
DSVZLOPKO A i m  lAVOAaT 1. IM i
(Dader CbapUr 237, Moataaa SeMion La**, 19(1)
W all by  B o m m la lll#  P a o a r  L in a
 .....Addr
DMUer GLaBa..CaoiE~-3aS.JUJaoeAddr«M.
8 7 't o  9 7 ' G ravai A a a ta r
97 '  to  99 • Gravai A oatar®*** N*ti«« of appropriation of poomdwater-------------------------
99 ' to  1 0 3 ' Bluo cloy  Date well atarted  Dale *omplet*d_% ^%^%_
A w a l l  oroval ^  * .u _ ..k :lW # d _
103 ' to  123' T ight purp la  (Oo«. Drt»*. WM «r diiUrf) 
Olay A g rav a i
123 ' t o  137 ' F raetu ratf rock 
A cloy 
137' to  151' 
rock . Stoppad a t  151'
P arfo ra tad  from 8 8 ' to  
97'
..Eqeipnent tt* ed -S h y rn _ R |^ ._
(Cknm *01. l o t a r r  o r  »* ■)
W ater nac; Domeatie □  Hnnieipal jD Stoek □  Irrigation Q  
Indnatrial □  Drtiaage □  O iler □
Indicate on the diagram the character and thickneaa of the different etrata 
n e t  with in drilling, each a* aoil. clay, ahale, gravel, rock or aand. etc. Show 
depth at which water ia eneonntercd, thieknen and eharaeter of water-bearing 
I L i l t , O O lo rod 'C * '*  and height to which the water riaea in the weU.
12» X2» I J >4 








k n l f o
88  97
8 bolao to  
f t  t o t *  7%
Static Water Level for non-flowing well
^ ______ fee t
Shut-in Preaanre for Mowing WeU   — -
Pamping W ater Level . feet
a t— -----------ga l per minute.
Diaeharye in gaL per min. of flowing weQ
How Teeted- J5ËUH5IL
Length of TeatA. A IWMSS
—V*— See — T _ _  R___
Indicate loeaJon of well and 
place of nae, if poarible. Each 
■mall aqtiare rcpreaenta (0
Bemarka ; (Gravel packing, eamanting. pack 
era. type of «hnfaifft .............  .
Bg
 In  bottom.ond powrod 2 '
in ohoo.
p lu g
....................  (Continu* ou rvrerae aide)
08B —If uaed for irrigation, indnatrial, drainage or other Brptain, atat* 
number of a e re a ^ d  location or other data (la .: Lot, Bloak and Addi­
tion).
Show axaot depth of bottaoL
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
2 0 5




Top of OronBd 
(Elev. aboye tea terol ....
^  T_________ R . . .
County ....................
STATE OF MONTANA 
ADMINISTEATOR OF OROUNDWATEE CODE 
OFFICE OF STATE ENGINEER
.) Notice of Completion of Groundwater 
Appropriation by Means of Well
DEVELOPED AFTER JANUARY I, 1962
(Under Chapter 237, Montana Scation Laws, lOCl)
Owncr...../ïf;?”.?.':.'î"..r..Çr!r.':...(̂ .«î. Addnas.__________________
O to 3 ’ top  30 i t 
3* to 47' Crave( A 
ye  11nw c la y
47' to 57' water. nravo(
Snnd nnd e tn y  
57' to 63* Sand A water
52' to SO* (trove t, sand  DriUer.'!U.C.'7.C_.Ç.O'!>i?..7.Q.S...Md.n.f:._____Addrcea.'.:.(.7.A*.w.(.a«...A.'.?.n.(.o.o»...
A w a ter
SO* to  S7* C lay  i  grove t Date of Notice of appropriation of groundwater____________________________
ST7* to 59' Voter, t in e
sa n d , c la y
 ̂ fo 97 ' Hnrwty eyr/xve f
water, fine sand , some Type of wclL—CrJ.i.te.ii--------------Equipment_tued—Churn...'ir.iuj____
e la y  (Dug, driven, bond or drilled) (Chom drill, rotary or other)
97' to 117* Crave t snad  Water use : Domestic □ Municipal Q Stoek □ Irrigation O
and w a te r   ̂ Industrial □ Drainage D Other O
' I ' Indicate on the diapram the character and thickness of the different ftraU
met with in drilling, such as soil, clay, shale, gravel, rock or send, etc. Show 
depth at which water is encountered, thickness and character of water-bearing 
strata and height to which the water rises in the well.
Date well started..Ujuo.c_l..—Î “ü.G------Date completed—̂uac...Z2.r...l0.6.C.
72"







I t s  per
«Ml
707 ' 
-at ions  
6" ape







Static Water Level for non-flowing well 
37! ' from tj^_J>J__PS.(itJeet.
Shut-in Pressure for,_̂ ywyiĝ Y;!}-vrr77T— 
Pumping Water. Level—(**4-_p̂ p._feet
at...?.C.'l.'l°i* ,.t ?Q.Q.gal. per minute. 
Discharge in gal. per min. of flowing well
How Tested___
Length of Test
Hot te s te d
Remarks: (Gravel packing, cementing, psek-
AffiL-VoiJifSce-.f— T.iiiV R/.2 «̂  «hntoO)-
Indicate location of well and —— .......______
place of use, if possible. Each
small square represents 40 ...... .............. ................
M .Mil ......
USE—If used for irrigation, industrial, drainage or other. Explain, state 
number of acres and location or other data (Le. : Lot, Block and Addi­
tion).
Show axaet depth of bottom.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .







STATE OF MONTANA 
ADMINISTRATOR OF GROONDWATER CODE 
OFFICE OF STATE ENGINEER
Notice of Completion of Groundwater 
Appropriation by Means of Well
DEVELOPED AFTER JANUARY 1, IOCS
(Elev. oboTo tea keel___________)
■•’.'e I i  f o r  I n d u s t r i a l  S f f o  
N. \'I. o/ Fire *etoofcA C en te r
0-T  h t ^ ^ T e p s e t l
1-79 firnvet t  C la y
75-55 Iv/ofer, Sand, Grove f,
ooItL
------------
130-132 AVater, sand  i  G ravpt ,
Wo«î  of Notice of appropriation of groundwater___________________






2 0 1 - 2 1 2
212-213
213-220
IGrove ! A C la y ,  
seepage  
C le y Date well started—dm;u;.t..G<._l2.65...Datc eoinp1ttcd....Cc
171-179 jSonrf, Grove t, wot gf well OrS.LLad..........—Equipment nsed..._.CAu/‘.a..5r.t.(..<_____
' ' ® ’ c l a y  (Dot, driven, bored or drilled) (Cbuni drill, roUry or other)
*r7*̂  * ®̂ °'̂ âtcr use: Domestic □ Municipal Q Stock □ Irrigation O
IVue g ra y  U a y  Industrkl O Drainage O Other □
Grove I A c la y  Indicate on the diagram the character and thickness of the different strata
B lue i  y e t law ctoiS"®* drilling, such as soil, clay, shale, gravel, rock or sand, etc. Show
. •depth at which water is encountered, thickness and character of water-bearing





2 53-270  
270-261  
261-269
Grove I A c  to y  
Gray c lo y  
|5 o n 5 , y e l lo w  e la y  
seep  e f  w a te r  
c lo y
Brown c la y  
Brown snndy c la y
?G9-?97Ĵ jWnler, aonrf 
291 f^299Jsom e g r a v e l ,  aan 
299—302 C lay A g r a v e l  
302-311 jGrovol, aon«f, so 
le fay, wafer 
311—317 Mere cloy, sand , 
g r a v e l,  w a te r  
3 1 7 -3 2 7  Send, g r a v e l ,  wafer 
A cloy
3 27-335  Send, g r a v e l , loose 
o lift le c l a y ,  wof<
3 35-338  fon c la y ,  g r a v e l ,  i 
no w a ter
3 36-342  lO rnvel, Send, some 
jcloy « ^ome w a te r
342-346  iGrove1, sand , seme c l e y ,  
'seme w a te r  






i6 " o ,n . 2 * 360' (Vwf) (Vwll
Ê S tsS ê 8?2r* Mi 11 s 177 • 161 '
6 2 .5 6  I > Kn i fe folrl- 12 h a te s
p e r  f t . 3 /8 "  M 319 > 324'
3" t o i o l - 12 h a le s
335 344






Static W ater Level for non-flowing well 
jf.G^—..— feet.
Drewdewn-  6  '  .  _ ,  , ,
Shut-in Pressure for Flowing Well —-----
Pumping Water Level- -Jeet
at_ 500 -gal. per minute.
Discharge in gal. per min. of flowing well
Indicate location of well and 
place of use, if possible. Each 
small square represents 40 
acres.
now Tested -----------
Length of Test 6̂ ...Ao“r..»--------------
Remarks: (Gravel packing, cementing, pack- 
ĉ a, type of shutoffl
----------------------------------------  (Continue on reverse side)
USE—D used for irrigation, industrial, drainage or other. Explain, state 
number of acres and location or other data (Le.: Lot, Block and Addi­
tion).
Show exact depth of bottom.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .




Top of O m u d  
(Elev. oboTe tea lerel :__
0—4 Topsoi t 
*—29 C la y  * Crave I
—#M #%  C * . ,  lt< » o o « ,
T............. n..
County............................
STATE OF MONTANA 
ADMINISTEATO» OF OROUNDWATEE CODE 
OFFICE OP STATE ENOtNEER
 ) Notice of Completion of Groundwater 
Appropriation by Means of Well
DEVELOPED AFTER JANUARY 1. 19C2
(Under Chapter 237, Montana Session Laws. ItiCl)
6 4 -& 0  Saf>t/ é  •
Grave f
Ô O S3 C la y  & G ravet
S3^â7  Sand & f in a  Grove(






r o i R M u m N S
— 16" /oOw
«#  C a a lM





62.53' lb c6ove M ills 95* 103'
— p e r  f  t . OeU K n ife  
3/S** X
4"
21 e i r  
S'* ape 
10 per
: le s  
e i r e  la
rofci o f  210 r> ï r / *
— I
Static Water Level for nen-flowiog well
,  feet.tram  top a t p ipe  
Shut-in PrcMurc for Plowing Well_______
Pumping Water Level---------5.3!/ feet
nl—10.0.0-----------Ral. per minute.
Diechargc in gal. per min. of flowing well
PS-60 IVoferj Sanit, C rave0wncr..._f??*!.T/̂ .̂ é...ÇÇ;;?̂ ..00W?4Wy.Addrcss...5?..fl'....C-...G.ber.rÆ.f.i.............
t5Z2 T*<h T.
60-64 C lay  fi Grave( DriUer .G.Ltan...Camp. ...............AJiirees....Hi.i.s.a.y.ka^..Hantana......
Dele of Notice of nppropriation of gronnOwnter. ..........................  —........
Date well etarted_..v?.«.<>:...7.5.».....îiî.Ç.3.—Date complete(l._-Awsw4.f...6.,._jS.6.3..
Type of well Dr..i.i.Le.d. ....... Equipment uxed-----Ch.urn..JDr.i.l.L......
(Dug. driven, bored or drilled) (Chum drill, rotary or other)
Water use: Domestic □ Municipal 0  Stock O Irrigation □
Industrial □ Drainage Q Other □
ST-105 Saner, la rg e  g r a v e l Indicate on the diagram the character nnd tliieknexs of the different strata
met with in drilling, such as soil, cloy, shale, gravel, rock or so ml, etc Show 
depth at which water is encountered, thickness and character of water-bcnring 
strata and height to which the water rises in the well.
How Tested .Tr s t .Pump..........................
l,c—g—h of * .js............Itv.v.p.a.........................
Remarks r (Gravel packing, cementing, pack-
— .......
1 Indicate location of well and ...saA .AaAtoar of—......
place of nac, if possible. Each mo 1 1
small square represents 40 '...*............................................ .........
acres................................................................................................................... ..........
...(Continue on reverse side)
I►
I
USE—If used for irrigation, industrial, drainage or other. Explain, state 
number of acres and location or other data (i.e. : Lot, Block and Addi­
tion).
Show socaot depth of bottom.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
2 0 8




Top of Ground 
(ISIot: obero t t i  kvol
U'. ' 3 / j f r
L/^Co^^ Coo
STATE OF MOWTANA 
ADimnSTEATOR OF CEOOMDWATCR CODE 
OFFICE OP STATE E IIC n iE E R
W«l( ItKsatmd on L in c o ln  S i ,  
Oefwoon Oofoo and  S ta d d a rd
Notice OÎ CoriDpEoîîcn o? Groundv/oJcr 
Apprôpriaîton by fJloans cf VJoH
DEVELOPED AFTER JAITOAEY I. 10C2
0-Î
1 - 3 3  
3 3 - * 1
* t - S 5
55-65
(Under (Capter 237, Itonlana Session Lasrs, lOGl)
T o p a a it and  Crave I
O T m c r . _ . i M a w r A A M . . i » C I K E n L . C O « .  \âJre!n.Jiis.sjou.ta,./l3iiiena._______
7522 S . 74th IV. 
________ Address .M( ;.:0M(R, .A'«n.(0i7.n.__...
Crave I à C lay
B e u td e re  * 
C rave I
DriUcr_..?Jen«_Ca»p_
Date of Notice of appropriation of groundwater-
C la y  6' G ravel Date well »tarte<lJ.«LI._’t.»-J»M... .Dale e<unpletcd....(:f'ri.L..30r....?.?.<?.?._
Cfqy, Gravel * Typo of srclL—Prf.lJe<f_________Equipment used._P/?üCr..PC(.(..f____
W@(#r (Oüg, Driven, bored or driHod) (Charn drill, rotary or other)
. _ Water use: Domestic □ Mtmïcjpaî 0  Stock □ Irrif̂ ation Q
65-709» 6" «rovof. W ater, Industrial O Drainage O Other □
Indicate on the diagram the character and thichness of the different strata 
met with in drilling, such a.s soil, clay, shale, grnrcl, rock or sand, etc. Shov/ 
depth at which water is encountered, thiclmess and character of v.-ater-bearing 
strata and height to which the water rises in the well.
SWmW T.
D>M W«%M ifnâi (PwOIU1«
76" f.d. 76"/.0. 2'
62.56 above 70P.ÎC










6 5 '  7 0 5 '
70 hotus to iho  
round t- 20 rai;.s
(otat -  3 0 0  h e f t





Drais/devi.’t — 3 '5"
Shut-ill Pressure for Flowing Well—
Fumping Water Level 5.7/.5Z_(ĝ 0yit
at—7C.9A gal. per minute.
Discharge in gal. per min. of flowing well
now Tested 7!fl.?..f...S.%2..
Length of Test...—2..Aoura..
Remarks : (Gravel packing, eemeniiug, pack-
iDuicatc location of wcU and — — . -.........
place of use, if possible. Each b e i to m  ,2' ecmont p lu n  in
small square represents 40  ................. ........................ .........................
acres. . At» ttom. of. ofoe  ...............................
LI .  — ---------------—____________(Continue on reverse side)
USE—If used for irrigation, industrial, drainage or other. Explain, state 
number of acres and location or other data (i.e.: Lot, Rioel: and Addi­
tion).
Shew exact depth of bottom.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .






STATE OF MONTANA 
ASMXmSTEATOn OF OROUNDWATEB CODE 
OFFICE OF STATE ENGINEERTop of Cronnd
(Elev. above tea level  ...... ) Notice of Completion of Groundwater
Well located *th t  5ih Appropriation by Means of Well








grown Top S o i l  < Grove( (Under Chapter 237, Montana Rcxaion Laws, 1961)
Ton Cloy * 
G rove 1
____
1522 S . 1«(A W.
Drüler_.®..if.'’.'’ ..?.<?TO?.    Âddress.. . .
Grove 1 Song f
y/g ior Date of Notice of appropriation of gruimdwati-r.............................................
S a n d  t  Water Date well atarted_4P.r.f..f_.̂ ®j....?.?.??....Datc com pleted.....^ .®__
G ra v e l 5  C lo v  Type Of well O r i j  t o d ------------Equipmrnt nsmI.OAurn O r(,l (................
(Doe. Driven, bored or drilled) (Chum drill, rotary or other)
Sond ê  W aior Water Mc: Domestic □ Municipal 0  Stock □ Irrigation □
Industrial □ Drainage □ Other Q
Grave I, Sonrf 5 Indicate on the diagram the character and thielcness of the different strata 
W o ter met with in drilling, such as soil, clay, shale, gravel, rock or sand, etc. Show
depth at tehich water is encountered, thickness and character of water-hearing 
130 1*3 '5" C la y  A Grovel Mrata and height to which the water rises in the well.
SlM«M
16» I .  D. 
«2.55 









m W O I U T IO N S
Mills 





10 hell s to  
the ro( nd . . 
30 rovqas 






Static Water Iwvel fur non-flowing well
33*6"— feet.
from G. !..
Shut-in Pressure fur Flowing Well________
prowdown -  9* ,
ruinpiiig V t a l 'T  1''-yyJem L — fret
at  gal. pi r minuti.
Discharge in gat. per min. of flowing well
How Tested Fe.st .fvmp.........................
Length of Test..*..howr s.............................
Remarks : (Gravel packing, cementing, pack-
Ç ^  . *t1 *. ̂  . ê s, type of shutoff).
Indicate location of well and ........... —......-...............................
place of use, if possible. Each
small square represents 40 ............     —
 ...........  (Continue on reverse side)
USE—If tried for irrigation, industrial, drainage or other. Explain, state 
number of acres and location or other data (i.e.: Lot, Block and Addi­
tion).
Show czM t depth of bottom.
R eprocJuceij with p erm issio n  o f  th e  copyrigh t ow n er. Further reproctuction prohibitect w ithout p erm issio n .
MWC - 2 1
2 1 0






Top of Creaod 
(EIot. Above tee level_
County............................
STATE OP MONTANA 
ADMINISTRATOS OF CBOUKEWATER CODE 
OFFICE OP STATE ENGINEER
Watt toeotetf a t 300 B to ek  










Notice of Completion of Groundwater 
Appropriation by Means of Well
DEVELOPED AFTER JANTTARY 1, 19C2 
(Under Chapter 237, Montana Session Lam, 1001)
0wner_.«?MM4...ÇWrA.j:0,__________________________
1522 S. 14(0 W.
Or ova I A C lay  DriUer—S.tM>.n.„Csf.‘*P.-_____— __________
C lay  an8 Sana Date of Kotiee of appropriation of gronndwatm—...........................................
Wstê , Crave I etartc<L<l!“Jf...?*»...„?.S®.?........Date coinplrted_.Vune,..f.7j 196?_
and Sand
Crave( A C lay
Type of well-------------------------------Rqnipmcnt nsed...............
(Dog, Driven, bored or drilled) (Chum drill, rotary or other)
Water nac: Domestic □ Municipal 0
Industrial O Drainage Q
Stoek □ Irrigation □ 
Other □Crave(, Sand,
Water Indicate on the diagram the character and thielmess of the different strata
met with in drilling, such as soil, clay, shale, gravel, rock or sand, etc. Show 
depth at which water is encountered, thickness and character of tvater-bearing 
Strata and height to which the water rises in the well.




7 6 "  I .D ,
T f t m T>
«rcMMff
CTm O IFWII
1 8 " l.O . 2'
62 ,58 above






Kn i  f t  











10 h o lt*  to  r d , ' .
380 
ho I t s
Static Water I.evel fur non flowing well
  -fee t.
D r a w d o w n —5 ' 8  from C«l-»
Shut-ill Prpssurr for Flowing Well ......
Pumping W'atir r,cvel̂ _.̂ ._6̂ .'̂ " feet
K at...î,Q0.0........._...gal. per minute.
Discharge in gal. per min. of flowing well
flow Tested..........Fv' f...f.VW......................
Length of Tcst._̂ ...f'.?.Y.r..............................
Remarks ; (Gravel packing, cementing, pact-
Indicate locataon of well and 
place of use, if possible. Each
.small .•qnaro -représenta dO ..........    —
acres.  — .....................
............. —........    -(Continue on reverse side)
USE—If used for irrigation, industrial, drainage or other. Explain, stale 




R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
M W C - 2 2 2 1 1
> OW : IW9 . f
STATC O f MONTANA 
ADMINISTRATOR Of OROUNDWATER CODE 
MONTANA WATER RESOURCES BOARD
NOTICE OF COMPLETION OF GROUNDWATER 
APPROPRIATION BY MEANS OF, WELL
0«v*l«pMi «flw jMvary I, 1962
(Under ChtpHir 137 Mnnlenn SMaien Uwa, 1961, a t  amandad)
This form to ba prepared by driller, and three copies lo be filed 
by the owner with the County Clerk and Recorder in the county in 
which the well is located, last copy to be retained by driller.
Please answer all questions. If not applicable, so stale, otherwise the 
form may be returned^_______________________
C o u n t y . .1. .».*.« .V. f.d..................
DRIUETS t o o
Indicate the character, color, th k 
ness ef strata such as soil, clay, sr d, 
gravel, shale, sandstone, etc. 5h .w 
depth at which water Is found s d 
height to which water rises in well.
Top of Ground
O w ner ifoji.fon.a..P.o«rejt..
A d d r e s s  ..MiASDuia^..Men.tcna.............
V eil lo c o le d  at Int enmount o ■/ 
"  .....  drsmrbew.... .....
for Administrator's Use
f i l e .
Date well started . .^ .^ a .   .....JGW I
completed
Type of w e l l ....
Equipment used
(Utuia ariu. fifuvT or 0
W«(er UiCi Domestic Q  Municipel 0  Slock □  Irrigetieo Q
industrial Q  Draineg* □  Other □ *  C erden/lew n □
USE: If used for irrigatfon, industrial, drainage or other. Explain, 




(puR dtNSAs Sams t  enaw)
, . . . a e . . . . . . . . . .V . . . . .




















Static water level  ...23 . ......2^..#.
Pumping water level ._23& ft *
at ........T.2P.C>....... gallons per minute,
measured (fnrrftdinutes after pumping 
began.
"Measured from ground level.
Well developed by Z#3.t_AwmA 
for . .hours.
Power ...... ..... Pumpfl" J l 's trb  Oifi
Remarks: (Gravel packing, cementing, 
packers, type of shutoff)---------- -,
X.taf-.Vl Sec. iT /      ....._.......
T....y.^y........ N R.... . . . . .  ............... .........................
,e  w   -..............—------
INDICATE LOCATION O f WEU. AND PLACE Of USE, If POSSIBLE. 
EACH SMAU SQUARE REPRESENTS 40 ACRES.
"CiMP’'\feL'L''mTLcyNo'T'piĵ ^̂Driller's Signature .
Driller's Address ...^.‘5.*?.
  license n o _____ 7........
J U _ , A c a c c i— ja a < ( -a n r f—tnra t  e c ......
- £ t _ .  ._*g_ jeco.'XXJLliaTAc.XUXSSnJL-fjo-co opyA___________
.J2..
J U L .
_& e_ ,2Z.
.jrz_ _aO.. .Cltfy xAit JSeaacaJ-
JU3.
IaiWAtjL.AJseaxAl.
C  f g j r . i v a a p L ü c a s r A  J -
S n n t i  n n r ! rtf mu. /
XteDA.fica.'tRXJLSflfld——  
a o m p  6  L a j r , — I—  ...........................
Xiw-visi-ar^xjti-
fiB ilvnf an n d —A.J!fgAa
W e ll  c e m e n te d  in  b o t to m
9 2 Shew exact depth ef bottom
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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' •  'A 'ï- l là  J  .W. .,■ . -■ . V •  ,. • ' ' * ( • '  ■
«ra tr . A a. IT—IK—I^ t  
9̂r̂ *jOf Qiwmd 













‘ :.. ■•■'t ‘,1! 
.52 :. •..) '
G rave!
f j  &
- ...........)
aM  Z-3
.  - . ;A   ̂ •
X I  ' 4,‘H i 
. ' .. f
*f. ' ;T. * . » %,




•yj O !';'j'V,n:'il <
*5 .1 'o !,'>»•''■ . ■ >.
u: ' (•..<■ . •■ 'Bmû
g T W a l »•
2 ^ ■•! f.’.i-; I vil T
'■ '•.;iu;3î i.iTd'!"
4.Ti' il yp wü J'.' II. : .Uoro alay
'A . •.■ ■
. • y û ^ . t i ' . ' k 'S î ^ r . i ....
i.»i..i!.v'.«i “ili'rtj m ■ ■
& little «Dtar 
8 W  ' 
fTerr*
Vat
MONTANA STATE BOARD OP DBALID 
TTater and Sowmg# Dirlclaa 
WELL DBILLER'S REPOBT
lUvictratloa Ko-
Drffl0 ...1U . . l U . . . ü l r l a h    AA<t—.  UAp+^5,» 
Owner of WilL...; A 0 a k ja ..% n a » ________________ .-  . . ....* >■ * ’ ’ ' I *
Exact Location of WeB ............................................ .......................... .....
, - TU
Water to Be Uaed for—B a a i d e n t i  a l . J X a a  , — -
DrflUnir Begun i l a p t ^ l î , _ 1 9 . 4 5  WoD P la ljiM 8 e ip t^ # 4 ^ * J ,9 4 5 -..-
*tO Indicate on the diagram the chaiaeter and of this different
atra ta  mot w ith in drilling, each aa aolL clay, ahale. gravel. rad( or aand, etc. 
Show depth a t which w ater la eneonnterad. thicbneea and d ian e ta r of 
w ater-bearing a trata  and height to which the arater riaea ha thaw atl.
' '.L
Coming Decord





rrotn ' !•(Tmi) KM '* ÊM (Kit»
tetPwt)
e* •. 25*55 lb4
I.’..
.0..
118*8" 3 /6 x 1 " l o s  > ' 1 1 3
. It f'j . : -2 ! ' .......  ̂ ê ' r •
V- - «. .il r.v-'-.
. .
'.J.- :C'". 1 I- -I ; - "t- -.I*
" . ■;■ : ». u \  . i 1 ?:•; . . J 1. l,f-i
V • .L* 1̂ ' , r ■ >I T.ijj 11» at
• tel - .  ̂ :;»* ■ ■ h ' '  M* h* It ,f Ilf * ~i '  .r»!i:
' Deacrlbs the type of jointe In eaaing—..JSÜB8W




Deeerlbe any acroene uàiêd-
Capaclty WcU......:.?.(>()..igfB : è b K ' __
'■  - 2  ,  .  ' t i n  f f e ' l i w i  111 I t i r i n n y '  ,
How D«teTminodL.....£a.tlmaÎLO  ____________ /  ■ .. ■r.’- \
(Pawa haww. WOT, He.) :
■HIpmmtCOPV o f  H l r t n h * n  w w p 'r t  ' 
Data--------- uo»hy
( law  and Bcgnlatloaa od BaverM Bido) V l u
Scaltb  permit |>16
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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CW  4«>llrl«n»  M d f W f f t c c d r d
or.rcrNAL
C y>7-:>-~0/- k/- "  y j
(  _ ^ 2<. jn.̂ ..»/..f.̂ ^̂  -f?
C ounty .-JS lccoulB -----
STATE or R50KTANA 
AOMimSTKATOIl OF GROONDWATER CODE 
OmCE OF STATE ENGINEER
D::]=-2l::3  cï Vsz'.zi Grcsndv/a’cr Eighls
(Under Chapter 237, Montana Session Laws, 1361)
l...Farvlcwa.J>cvalopn:cnl..Coapajijr.  ___, oL. 3iiO Vcst.Xalc,..Klseo'ula...
(Name Ol Appropriator) (Address)
County o(. Klasoula----------------------------------.State of____Montana..
(Town)




2. The beneficial use on which the claim is based provlda_____
h o u se h o ld  .v a te r .X o r.o T e r .-200.iton;co,..&...Coir..Cour so—
X eeroatlonal area with room for  250 nore homos-
3. Date or approximate date of earliest beneficial use; and how con­
tinuous the use has been July, 19L8 and oontlmiooa.......
/
.*.?...VsSEi Sec...!?. T..y.. n.33. 
Indicate point of appropriation 
and place of use. if possible. 
Each small square represents 10 
acres.
The amount of groundwater claimed (in miner's inches or gallons
per minute) Veil A. -, jOQ gm; ..'WmH.3y2...%..li50..fpm;-------
.M..TotaJi—75̂1.-gF̂ .̂.— ....  .....
If used for irrigation, give the acreage and description of the 
lands to which water has been applied and name of the owner
t h e r e o f  r e  o i d o n t i a l  i r r i g a t i o n  ..........................
The means of withdrawing such water from the ground and the
legation of each well or other means of withdrawal ...2..vellLS;.. 
Both loeated  Lot g l -1 1.111 nun Addin of Mlgemila 
i,y.y. Jf out a.13 a.
7. The date of commencement and completion of tlie construction of the well, wells, or other wnrks for with­
drawal of groundwater .Kell iXl..-..Sept...2l«, -151i5l—Veil ĵ 2 .-. JuDO 1955 (opprout)...........— -
8. T h e  d e p th  of w a te r  la l.lc  .W ell Û2. -  1 1 3  i t . ; ...Well, f . 7 2 . . X o « t .................. - ...................... ................
D. So f.ir as it may be available, the type, size and depth of each well or the general specifications of any 
other worh.s for the withdrawal of groundwater ..WoH )7l; S. iji,.J>.S...Casing .25-55-Ibn....per .sq.ft., 
116 . Xt. ..deep, pcrXorntod .casing from 105 ft.. t& 113 Xt..,..VorthinEton doop .well turbine .. 
punp powered by 25 HP C.E. pump motor; Well iy2: 12D ft. doop porXoratod casing Xrom 95 ft- 
to 120 Xt. deep woU pump poworod 50 HR oloctrio stotor......
10. The estimated amount of groundwater withdrawn each year licll5..j{!l..en.d.-li(2...Tpt&1..25,050,000 gala.
11. The log of formations encountered in the drilling of each well if availableIW
lj’.-2 0 '...C i-tv c l i  s o i l ; .  20 '.-96 '....C lay ,..saru i, g r a v e l ;  .3 6 ’ - ? 3 ' Id.ght..^    ,  -
gravcl,..water. . Well ii'2r..ai-72! Clay, gravel;..?2i-97f Oravol, .sand, .water,..97.'.-1011.clay 
and.water.;.101 ' .-..),20'...Oravol,..water....................... —...............................................................
12. Such other information of a similar nature as may be useful in carrying out the policy of this act, including 
reference to book and page of any county rceord....XO.t„Montajja..5t,atft..B((Brd...ftf...H9al'W>------------------
i W / / r - v  ■‘■c
Signature of Owner______Û-.____
Datc.../_/.'!l-..x—
Three copies to be filed by the owner with the County Clerk and Recorder of the county in which the well is 
located.
Please answer all questions. If not applicable, so state, otiierwise the form will be returned.
Original to the County Clerk and Recorder; duplicate to the Slate Engineer; Triplicate to the Montana Bureau 
ol Mines and Geology and Quadruplicate for the Appropriator.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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ÜBERîyDRILLING C O M P A N Y IMOCftYOtAi.OOMCSTlCleeiCATioN WELLSl i c c n s c o .  aoNoco ano i m s u r c o
3SOO »t«c<v
ft4 9.0304 
M iC O O U U A . M O N T A N A  iiO O O l
August 27, 1 9 6 6
Arthur J . Moshy 
Purviews Development Company 
1 3 7  East Main 
Missoula, Montana
WELL LOG
Location: NE’,6, SW%, Section 3 3 , Township 13N, Range 19W, Missoula
County.
F o rm a tio n s  Log:
level 48'
0 - 6 Sandy soil.
6 - 13 Sand and gravel mixed in brown clay.
13 - 15 Clean gravel.
15 — 55 Gravel imbedded in tan clay.
55 - 7 8 Pine gray sand and gravel. Some from surface.
water. Static
7 8 — 8 6 Red to tan clay.
86 - 9 0 Gravel imbedded in tan clay.
9 0 - 99 Coarse sand and gravel. Water.
99 - 1 0 1 Boulder.
1 0 1 - 1 2 7 Fine to coarse sand and gravel. Water.
127 - 137 Fine to coarse sand and gravel. Some ton clay.
137 - 146 Sand and gravel mixed in gray clay.
W a te r .
Water Log:
Well produced in excess of 2300 gallons per minute of clear snnd 
free water during development with an Air Lift Pump. Pumping level at 
1000 gallons per minute was 73 feet from surface. Static water level 
at completion of well was 45'3" from surface.
/Casing Log:
Well cased from two feet above surface to 146 feet with l4 inch 
OD by . 3 1 2  Wall Black Steel Water Well Casing. A forged steel drive 
shoe is welded to the bottom of the 14 inch casing. The casing is 
perforated with a Mills Knife from 90 feet to 127 feet. These are 
6 1 7  one-quarter inch by two and one-half inch slots cut in this zone. 
All water entering the well is coming through the perforations in the 
casing.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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ST*n or MONTANA 
ADMINISTftATOR OT OROUNDWATER CODE 
MONTANA WATER RESOURCES BOARD
NOTICE OF COMPLETION OF GROUNDWATER 
APPROPRIATION BY MEANS OF WELL
0**»l*p «d  aftsr ianuvry 1, TR62
(UnAw ChapMr 337 MontM* Saniwi law*, 1961, a* amandad)
Thii form to be prepared by driller, and three copie* to be filed 
by the aw nar with the County Clerk and Recorder in the county In 
which the well i* located, la it copy to be retained by driller.
Meat* am w er all qwe*tion*. If not applicable, *o *iata, otherwite the 
form may be returned_______________________
Owner _Afo/»tB/’.R..^Pwe.r...('.a.t_.......
Address ...A tn T o fl. Axe.«.___________
 ...
Date well started */.uri.e....T.9.»...lS.7.î...., 
completed




Irtdicele the cha»a'.;t;f. ristc'. itiicW. 
ness of SI rat* such as ss,'l. clay, sand, 
gravel, shale, sandstone, etc. Show 
depth at which water is found and 
height to which water rises in well.
Top of Ground
.Z-L.
For Administrator s Use
-57—
-TR -, f t  — —  —■ —
____
tP u *  a r tw e. SerW  a r  artard)
t e tter* e r a s  m s ty  e r  artirr)
Water Use; Domestic Q  Municipal O  Slock O  Irrigation O
Industrial □  Drainage Q  Other □ *  G arden/law n □
’ Describe .......   — -----1.......... ..... ................... - ...... - .........................
USE: If used for irrigation, industrial, drainage or other. Explain, 
state number of acres and location or other data (i.e. Lot, Block
end Addition)...............................
estimated  a n n u a l  w ithdraw al  ,
« t
np w w i r w r t mr n n
f « " f O 2 ’ T 2 5 >
6 2 . s e above Ni ( fa
l b  per  
f t .
g .  I . K n  I f e





th e  rO 
o p a r t  
3 0 0  N o
T 3 0  




Sialic water level ...................ft.*
Psrmping water level Ji,*
at ........ .T.Z75....... gallons per minute,
measured immeMinutes alley pumping 
began.
’ aaeesured from ground level.______ _
Well developed by ....?:ur,f>.i.n«...Çu«j;p
for , . . .d ..............hours.
Power....... ...........  Pump...TOO____ HP
Remarks: (Gravel packing, cementing. _____
packers, type of ih u to ff)------------ -
M.il.K See..-Y,?---
T,..u.Jf......... n  R..—.7—SC—  EE
S r  w
INDICATE LOCATION O f WELL AND PLACE OF USE, IF POSSIBLE. 
EACH' SMALL SQUARE REPRESENT 60-ACRES.
Driller-s Signature










.JtaofL-ii'j.'J.LJSavis.i f rafAf .......
■ V n t r r
.£ ana^^ax»At.S'a.i!
-SIjLJic.iLrs.L-lir’JJ
T /n f  e r ____________________
LICENSE NO 7
T 2 5 ' SKow #x«ct depih of botiom
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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" 1 CW I IMIPM* *******
STATt OF MONTANA 
ADMINISTRATOR OF OROUNDWATER CODE /
MONTANA WATER RESOURCES BOARD
KOnŒ  o r  COMPLETION OF GROUNDWATER 
APPROPRIATION BY MEANS OF W Eii 
Developed oAev jM w try  I* 1M 3
(Undwr O itp N r 337 M w ium  Sowlom U w i, I RAI, at emeeded)
TMs form lo be prepared by driller, and three applet tp be filed 
by il»e ow ner with the County Clerk end Recorder in the county in 
'.viiUi the well it loceted, let! copy to be reiairted by driller.
FI iL*' «m wer ell puetliont. If net epplkeble, to ttete. eiltcrwite the 
lorm may be returned;______________________
O w n e r ..............
A dJrett ____
Oris well siarted 
completed
Type of well ___.RlT.f .4.4* 9................ ..
Fquipmenf used . . f . . . P T . - . - f .  __
for Adminritretor’t  Use
W*icr Uie: Domestic Q  Municipel Q  Stock □  Irrigetion [ ]
Industriel Q  Drainege □  Other O * Garden/lawn 2
Describe    ...
USI If used lor Irrigetion, Industrial, drainage ar other. Explair, 
state number of acres and location or other data (i.e. Lot, Block
and Addition).  ...... .......... ............... ..
eSTt.'AATED ANNUAL WITHDRAWAL____
1 6 " I 0
Sit* ,nl rt* Ta
at CwiM <a««i
16" ID 3* f2 5 '
62  t b aùov#
f>mr f im g# <•
Ml ( l a  
Knt  f a
3 / e »  a  
3 "
92 







(ndicBie cH»r«c(er. color, thick­
ness of strata such as soil, clay, sand, 
gravel, shale, sandstone, cic. Show 
depth at which water is found and 
height to which water rises in well.










V / r t l :  2 6 t h  Ave
ürown roeso i l  6 
C rn v o i____________
C rov»f_ ^ e n d  ê  V.Vrfer
—û>la_!î/b?3L5i_£tfj(_*----K'rf-r —
---- ------------------------------------
Static water level  35.—
Pumping water level J 2 __
at   1.*7.S. .gallons per minute.F
measuiod .f.atSNiifrioies after pumplrtgl 
began.
"Measured from ground  level.
Well developed by J .9 .tt .P J 3 rs----
for ....—5....... II..J tours.
PewerCAg.f.Q£ Pump— 9S>-----  HP
Remarks-. (Gravel pecking, cementirtg, 
packers, type of ihutoff)
fî̂ :.«TVi Sec.:?!5__
T.....f.-f*........  N R-----______C
<5: W
INDICATE LOCATION OF WELL AND PLACE OF USE, IF POSSIBLE, 
EACH SMALL SQUARE REPRESENTS 40 ACRES.
Driller's Signature —CAMP Trr£C’~aTrcrTI*6'">~F>Uttp-$l/PW cr—
1 S 2 2  S .  1 4 t h  M i a a a u t a ,  M a n f o n a  5 9 (OrfltOr S/̂ wÂ reSS *-***̂ ŷ ** ***ae*.^^*******e->e**een**e*****.***.**,*.**, ******* *V  ***.*.*- ***w* . ^e*..
. :...............  LICENSE NO-------T ----
o i
1 2 S ’ Show exact depth of bottom
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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r
I
I OW 3 MM I
rtA Tt OF MONTANA 
ADMINISTRATOR OF CROUNDWATtR CODE 
MONTANA WATER RESOURCES BOARD
NOTICE OF COMPLETION OF GROUNDWATER 
APPROPRIATION DY MEANS OF WEU
Developed efter Jemwry 1, 1W Î
(Under Chapler 33F Mentene Senten lew f, 1M I, ee emended)
ThI» (ertp to. be prepercd by driller, end Ibree copies lo be filed 
, by  Ihe owner with the County Clerk end Recorder in ttw county in 
which the well is bceled. lest copy to be reteined by driller.
Pleese enswer ell questions. If net epplieeble. so stete. otherwise the 
, form mey be re lum e^_______________________
Owner
Address M ie e o u f o ,  N on , o n ee ^ n # w e « » *  eeeeeeeeeesrsrss.sesnv.feeeseeeeenerv rrse« r ee
5 9 8 0 1
County— J i J S 5 0 U L A :
DRIUER'S IOC 
Indicete lire cher icier, color, thick 
nest of sirele such es soil, cley, send, 
qrevel, shele, senclstone, etc. Show 
depth et which weter Is found end 
height to whkh weter rises In well.
Top of Ground
' Dete well sterted 
eompleted






f .  _j S5..
(P«C. ërivub. I
i . " '
a
tOm— «HU. m*fT m wAvrl
W#t«f Use; Domestic Q  Monicipel 0  Stock Q  trriQetion Q
Dreinege O  Other □ *  GerdenAewn QIndustrîel O
USE: If used %rr*g#t*on. Industriel, dreinege or other. Emplein, 
stete number of ecres end location or other date (i e. lot. Block
end Additif). .L4l_M2â4-_è.lK2.-ftiiLit----------------




S"/D 2 ' 365'
17 tb a b o v e
p e n  f  i .  p .  t .
raronATiows
K ?
M itt*  
Kni f*




rd ,  6  
Total
1*1 
* ie  rc 
' aporé 
* 2  h o l e
Stetic weter level  fl.
Pumping weter level ........ll.l!..'.„ft.*
et _________  gelions per minute.10.minutes efter pumpingmeasured 
began.
'M easured from ground level.
Well developed b y  3LtfJ..iLVÏ!e_
f o r  ? ? . I lieurs.
Power. f l e e Pump_ HP
Remarks: (Gravel pecking, cementing, 
peckers, type of shutofi)__________
^ • K „ M  Sec. A.6_. ----------------------------------
 N R X  ---------------------------------------------
INDICATE LOCATION OF WELL AND PLACE OF USE. If POSSIBLE. 
EACH SMALL SQUARE REPRESEWS) 40>CRE
Drtller^s Signature
C t M P  V f C L L ILLIM A  P<JMt> SUPPLY
Driller's Address
, --------   .'.__________________  UCSfSE NO__Z____
103 t3?
t3 ~ >
?J  L s s ^ s J s x - ^ __
39
--------

















fo n  c i a v
Ten  e f n v  A a r g y r l
iJPJSlL.SXaXSX̂ VHÎX'L.-------
(‘t gam}
lOÛ-tlOJL— — — —
O n v e t .  c I n . Y  *  w n f r f ,
vn I /nv/ e tnv
C E
. J  AO.A lqy_AA«e.^a.yeX_—
j g n y n l - a n n d J I  e r n f r r
— jce.UaeLXlM'—&««A.axsX—
i .innr) nrnu» 1, —«r». * . {  I t









■spnrf anem p rn u n f  d w n f o r .
.Saiut)L—3t*.tt nm. xAnp— 
hrnw n f  f nu . . 1.
nrnvfl
375’ Show exact depth of bottom
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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MWC-29
»>  O W  )  I M »««*•4 •«•W4MNM»
17428
• • ^  CT 11  r \.,..#*,r *“ ^ il U Daiujrs IOC
. ' 3 - : z = r z . r z . = :
NOTICE OF COMPLETION OF OROUNDWXfÉR « otr-p»»f«T or Mfxhtoo., #,e. Show
-W %«o.rLt»0ü*cts Aho Cühît(n?TpJt
height to whichAPPROPRIATION BY MEANS OF WELL"
Dov lopod ollor jomomiy I. 146:  ' *
(Uiidor Ckoprof aS7 Wo titn o  f on lo n Uw«, t W I, *o omondod)
Thit fenii to  bo proporad by dritlor. and (hraa copiai to ba filad 
by lha aam or with Iha County Clark and Raoordar In iha county in 
which tha wall It lecatad. law copy to ba tottinad by drillar.
M ono antwor all puattiotii. *  itet applicabla. to  tiato, otherwita tha 
lortn tnay bo rotutno*_______________________
walar ritas in wall.
Top of Ground Ohm. I
Owner
A rid » .. Mfoaoul*. N»*<«**
For Administrator'» Use





Walar Uia; Oetnailic D  Municipal I Q  Stock Q  Irrigation Q
induttrial □  Oralnaga □  Othar O *  C ardan/law n □
"Dateriba . . . .__ _____________ _________ , ________ ________
U tt: If m ad for Irrigation. Induttrial. drainaga or other. Explain, 
itate number of acrai and location or oiliar data (l.a. Lot, Block










f t " I O fJS'Tc 
ta.sa















—JOB̂ Soc—.̂ .. 
T._ia  N R------
Static water lavaJ —  ft
Pumping water le v e l $ g ._ . . . . f t ,
at _ tC 0 O  gallont per minute.
tnoaturod J — minutai after pumping 
began. - . .
"M ettufad from ground level.
Wall dovelopad b y r« * « ..* u B * ~ .
for - 4 . _____________houn.
P o v n fa f^ 4 4 .« P P o * # — i o a . ~  HP 
Romarkt: (Gravel packing, camanting.
packart, type of thutofi)---------
W»il **mo*4*d 4ft **$#*m-----
**<«4-»0-*#**0 *f "#*mam# —
INDICATE LOCATION OF WELL AND PLACE OF USE, IF POSSIBLE. 
EACH SMALL SQUARE REMESENTS 40 ACRES.,.
DrIllar'i Signature |> weu. a pttup suppi-y
DrIIIor't Addrm t f W R  #& T 4 M _ « ie  M A O m rE a a -e o * # * * *  SPdOfl





f oairo I R Taopa
tloe-r„lQ,y.med, Toouot
S o a d , ffpouo I 4  lYotop
So»*, ■■aff gPKol I
.IWif*#.—   .... ......
.C'l'Oy "*»* Gooua I
Ctutd <l»»ua f fl «■(»■
-tafdA eea if *l#j»
4*om f loy > Cooual
J3i« Show exact depth of bottom





D epartm ent o f  N a tu r a l  R esources  and C onse rva t io n
WELL LOG REPORT
S ta te  lau  re q u ire s  th a t t h i s  form  be f i l e d  by the water well d r i l l e r  on cnv water u e l t  com-
VVI ilTC — OC?/MiTMttJT 
pD.i: — BuacAu 
c/vUAnr—v/au  owwtn 
COIOEIJROD—DniUCA
1. WELL O W N E R . thc ni'HT'K>> r n  - .9  c r .  A d d re ss  su - 'Oha.  s n .in i
2 . WÈLL L0ÙAT10N:gp^^^^ i^.i-^cs/la : fn.kr^'ih k .  S e c . . ? ? .  T un . r3  N-A% Rc. 19 &-w
3 . PRÔPOSEÜ USE: D o m e stic  S to c k  m M u n ic ip a l
■ I r r i g a t i o n  _____O th e r  ( i f  O th er, sp
___ I n d u s t r i a l  Lawn and C arden
e c i f y )
4 . METHOD DRILLED: » C a b le  _____ B ored
_____F o rw ard  R o ta ry  _____ R e v e rs e  R o ta ry
____ _ J e t t e d _____ O th e r  ( i f  o th e r ,  s p e c i f y )
8 . WELL LOG:
D epth  ( f t . )
F o rm a tio nFrom To
O < n  t I
6 tc Qnnk ê C r r v r /
5 . WELL CONSTRUCTION:
D ia m e te r  o f  h o le  1S I n c h e s .  D e p th f 76 f t .
tr. <0 C/ov aritf mvpy #
'.0 50 ( s etnv (A
C a s in g ;  m S t e e l  _____P l a s t i c _____C o n c re te
T h re a d e d  x W elded _____O th e r  ( i f  o th e r ,
s p e c i f u )
»v« 1 nr
s o r.s C InVx Crrtvn <
55 73 f  f . # Of* df A 9te\ih eifiY br^tt
P ip e  H e i e h t : D l a . : Prom : To:
7 0 . 5  l b / f t .  r a  C d n c h e s * 7  f e e t  iS O K fee t
"Vat nr
73 75 A Cfqy
l b / f t .  i n c h e s  f e e t  f e e t 70 9 5 _ 1 CtnVx CrmvA ( .  Cnuttfnrg A W'oérr
l b / f t .  I n c h e s  f e e t  f e e t 90 100 Ctnv
Was p e r f o r a t e d  p ip e  u se d ?  x Yes No 
L e n g th  o f  p ip e  p e r f o r a t e d  t6  f e e t
1Ù0 115 C/ ftV A Crnvnt
i t s . ISO . Tinhi Cinv. Senrf A Crohrn t
Was c a s in g  l e f t  o p en  en d ?  Yes No 
Was a  w e l l  s c r e e n  I n s t a l l e d ?  Yes x No 
M a t e r i a l  D ia .  In c h e s
t s o IS?. Ciny K GrflVft1
IS? 1SS G rftv Clr.v f  îf tn rf
ISO 176 Clfiv A Shnrfi f^oek
( s t a i n l e s s  s t e e l ,  b ro n ze , e t c . )  
P e r f o r a t i o n  ty p e :  x s l o t s  h o le s  
S i t e  3/«x 3 s e t  fro m  5 0  f e e t  t o  S« f e e t
f*r$ekfit(nd to and
CnmnninU
S iz e  s e t  fro m  f e e t  t o  f e e t
-S iz e  s e t  fro m  f e e t  t o  ■' f e e t
Was a  p a c k e r  o r  s e a l  u se d ?  Yes »  No 
I f  s o .  w h a t m a t e r i a l
W ell t y p e :  S t r a i g h t  s c r e e n  G ra v e le d  
Was th e  w e l l  g r o u te d ?  Yes No 
To w h a t d e p th ?  f e e t
(Ur.a Kcr'-irate s . 'ic a t i f  r.cscsssr.i)
9 .  ÙATE STARTED: O o eem b er 3 . 1973
M a t e r i a l  u s e d  i n  g r o u t in g 1 0 . DATE COMPLETE J a n v a ry  t5 7 <
W ell h e ad  c o m p le t io n :  P l t l e s s  a d a p t e r
12" ab o v e  g ra d e  O th e r  ! '  o r  o v a  e r o d e 11 . WAS WELL PLUGGED OR ABANDONED? Yes « No
( J f  e th e r ,  s p e e i f i i ) I f  sc) . how
Was th e  w e l l  d i s i n f e c t e d ?  Y es a  No
12 . DRILLER'S CERTIFICATION:
T ills  w e l l  was d r i l l e d  u n d e r  my j u r i s d i c t i o n  
and t h i s  r e p o r t  i s  t r u e  t o  th e  b e s t  o f  my 
k n o w led g e .
C.IMP vfOLL n o iL L itiz  » r;.?'P Y u rrf .y  7
6 . WATER LEVEL:
S t a t i c  w a te r  l e v e l  J T j t f c .b e lo w  la n d  s u r f a c e  
I f  f lo w in g  : c l o s e d - l n  p r e s s u r e  p s i  
CPM f lo w  th r o u g h  In c h  p ip e  
C o n t r o l l e d  b y : V a lv e  R e d u c e rs  
O th e r ,  sp e o ifu D r i l l e r ' s  o r  Firm Name L ieence No,
(
< leth .7. ,  ».'i - «-It. In, Man/ene 59 ■'f T7 . WELL TEST DATA: x  Ptgep B a i l e r  O th e r  
(X f o th e r , s p e o ifu ) Address
Pum ping l e v e l  b e lo w  la n d  s u r f a c e :
fc> c f c e r  ^  h r s .  oum pinc gpm
. Sxgned byf t .  a f t e r  * h r s .  pum ping  r^OO gpm ^  ba te
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
2 2 0
M W C - 3 1
003 (Rev. 3 /75 )Form Ho
üJcU
STATE OF MONTANA 
Department o f  Natural lîcsources and Conservation
File Ho.
<X S A WELL.LOG REPORT
whi t e - Oepa rtment 
Pink-Oureau 
Yellow-W ell owner 
G old -O tiller  .
•I S ta te  lau  r e q u ire s  th a t  t h i s  form  be f i l e d  by th e  u a te r  w e ll d r i l l e r  u i th in  60 days a f t e r  
-, eom pletien  o f  th e  u e l t ,  and Form 602, N otice o f  Completion o f  Croundtoater Deuelopment, he
WELL OWNER
Name THF HPNTa HA PO'.vrp ph .
Current • 
address P u a r . e l l  S t . . M i x s o u l e .  Mi .  5 900 1
2 . WPLL LOCATION Lot 2  - , Block ê  , S u b d iv ision O r i o l n a l  T o w n s i l e .  M l t s o v l
County >ff,pnu(i , or  (i *4 h  Sec. T. N-S, R. E-W
3. PROPOSED USE d om estic  ( in c lu d es lawn and gard en ); stock : X m unicipal:
in d u s tr ia l  : ir r ig a t io n ; oth er  (sp ec ify )
4 . iMETHOD DRILLED ____
,.. ■ f orward. ro ta ry
N c a b le . bored.
reverse  ro tary ,
> o th er  ;  ( s p e c ify  )_
S. WELL CONSTRUCTION 
Diameter o f  h o le  _  
N s t e e l ,
Yd i n .;  depth Y35 f t .  
C asingt e l ,  pl a s t i c ,  co n c r e te .




: P ipe w eigh t:
From To
l b / f tK#» __
rÿ, Was ca s in g  l e f t  open end? _ _  
i't’Was a w e ll ,  screen  in s t a l l e d ?  ____
V M ateria l d ia .  _ _  
' ’ ( s t a in l e s s  s t e e l ,  bron ze, e t c . )
': -̂'Has p erfo ra ted  p ip e  used? X Yes  
P er fo ra tio n  ty p e: x s l o t s
i/ ,  S iz q /^ ir j  s e t  from m i  f t .





A;iv  a packer or  s e a l  used?
S;;,5'If so ,'w h a t m a ter ia l
Yes
i t T  f t .  
_ f t .  
" NO
5 ^ W ell^ ty p e:r: Str a ig h t  <screen  -  ' .Graveled
* ^ w as ■‘th e' tM l lo r o u te d • " ' ' Y e s----- -- - Nowa w e ll'g  
■' To what depth:
•' • ‘ X '  
f t .
M ateria l u sed  in  g ro u tin g
i,;;?Melt head com p letion : P i t l e s s  adapter____
-v'-;:12 in .  above grade , o th er  a b e v ^
, ( i f  o th e r , s p e c ify )  n r o u n d  l e v e l ______
Was w e ll  d is in fe c t e d ? X Yes No
.  .. WATER LEVEL 
-ÿ ; S t a t ic  w ater  l e v e l  3 ?  f t .  below land, su rfa ce  
v ' .  I f  flow in g  : e lo s e d - in  p ressu re  ps i
gpm flow ________  through___________ inch  p ipe
- C on tro lled  by; v a lv e reducers
o th e r  (s p e c ify )
7 . WELL TEST DATA y  Pump 
( i f  o th e r , sp e e ify )_
B a ile r Other
Pumping l e v e l  below  land  su rface  :
' 4? f t , a f t e r  p hrs . pumping 4 . to o  gpm 
_______f t .  a f t e r  . tors, pumping __________ gpm
e . WELL LOG
Depth ( f t )  .










-CmaveJ. C l a y
Crave I . Snnrf t  W a t e r
Crave f S
g  l a v  a f i r a v e i  f  C f < « l
j:cMCtir.. PUIC-JJLJ1ÛTICH or,.
MÙUL.
'-*■ : : ■;. fuse ‘'sépara te ''sh e e t^ if  :'neeessary).^.^^/‘
9 i  DATE STARTED
\OATE COMPLETED heramArr fOTk
10. ^AS WELL PLUGGED OR APAHDCWED7. Yes v No 
I f  SO, how?_____________________ '
11 . DRILLER'S CERTIFICATION ’ '
This w e ll was d r i l l e d  under my ju r lsd ic t io A  
and t h i s  rep ort i s  tru e to  th e  b e s t  o f  . my 
knowledge. . .
Camp wcll d n i l l i n c  » ptp;p s o o p t r  >39
D r i l l e r 's  or firm  name ; • L icense No,
■ f .g p p  . t -  < 4 i A  IV .  ̂ ■ M . - . . a . . i a ,  w ,  e e x h .
Add
D e c . 1 7 . tg ?6 _
'Signed by d a te
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
2 2 1
M W C - 3 2
Fon» Ho. 603  (R ev . 3 /7 5 )
A »Tm .ia  S T ,  'f'KLL
TTTon
STATE OF MONTANA 
Department o f  Natural Resources and Conîerv
WELL LOG REPORT
P ile  NO.
White-Oepartment 
Fink-Bureau 
Yellow-W ell owner 
G old -D riller
S ta te  Xa» reepeCres th a t  t h i s  form  be f i l e d  by th e  uotcr* i>ell d r i l l e r  w ith in  60 days a f t e r  
eo m p le tio n  o f  th e  w e l l ,  and Form 602, N o tice  o f  Cemrpletion o f  Groundwater Development, be  
f i ü d  by th e  v e i l  owner w ith in  60 days a f t e r  th e  w a te r  has been pu t to  b e n e f ic ia l  use.
1. WELL OWNER
Name__________ TWf MCHTaN* POwm  CO.
Current
address ÎT , Ml  - . OV L A ,  MT. 550C1
2. WELL LOCATION Lot_ 
County MISSOULA
, Block , Subd iv ision
or NC >• se  *< S W  % S ec. .?F . T. t3  N-S , R. It B-W
3. PROPOSED USE
in d u s t r ia l ;
jdom estic  ( in c lu d es  la^-n and garden) ; 
~______ ir r ig a t io n ;  ___
stock;
Other (sp ec ify )
X mu n icipal;
4 . METHOD DRILLED c a b le . bored ,
forward r o ta r y . rev erse  ro ta ry ,
j e t t e d . o th er  (s p e c ify ]
5 . WELL CONSTRUCTION 
Diameter o f  h o le
Casing; x  s t e e l ,  ____
th read ed , >f «fclded.
fd  i n .;  depth -fSPft f t .  
pl a s t i c ,  co n cre te ,  
o th er  (sp e c ify )
Pipe w eigh t:
D ia . Prom To
70 l b / f t
' l b / f t
to
Was ca s in g  l e f t  open end?
Was a w e ll  screen  in s ta l le d ?
M aterial ■ ■________ , d ia . ___
( s t a in l e s s  s t e e l ,  bron ze, e t c . )
Was p er fo ra ted  p ip e  used? __* Yes
P er fo ra tio n  ty p e;
S iz e  3 /d r A e t  from_
S ize  s e t  from
Was a packer o r  s e a l  used?
I f  s o , what sm te r ia l  
Well typ e; Str a ig h t  screen  
Has th e  w e ll  grou ted : Ye s
TO what depth;
h o le s
M ateria l used in  gro u tin g
Well head com pletion ! P i t l e s s  adapter_______
13 in .  above grade . o th er  3 ob ev e
( i f  o th e r , s p e c ify )  g r o u n d  t e v a l
Has w e ll  d is in fe c t e d ?  a Yes ______ No
6 . WATER LEVEL *3  ' TO"
S t a t ic  t ia ter  l e v e l  f t .  below land su rfa ce
I f  f lo w in g : e lo s e d - in  p ressu re  ps i
gpm flow
C o n tro lled  by;
_t)%rough___
v a lv e
_inch p ipe  
reducers
o th e r  (s p e c ify )
7 . HELL TEST DATA _ X _ P \ m p  
( i f  -Other, s p e c i f y ) ______
B a ile r Other
Pum ping l e v e l  b e lo w  la n d  s u r f a c e ;
*4 *4" f t .  a f t e r  3 hrs . pushing * 1 S 0 0  










1 3 t f -
C t n v .  f . r n v K l .  n n „ l r l . . r . .  f.
n  I t
C l . 1v .  r . r n v r l  K f t n u t t t n r *
C l n \
(use sep arate  sh ee t i f  necessary)
9 . DATE STARTED J u l y  3 .  T07C
DATE COMPLETED -lucws t  1 7 . 1 0 7 6
10 . WAS WELL PLUGGED OR ABANDONED? 
I f  SO, how?_______________________
Yes rMo
11 . DRILLER'S CERTIFICATION
This w e ll was d r i l le d  under my ju r isd ic t io n  
and t h is  report i s  tru e  to  the b est o f  my 
knowledge.
Camp ‘. >11  f i r i l l i n n  X f i i m n  S i,n fi/y  P i n
D r il l e r 's  or firm  name L icense no.
It
A u n u s t  1 9 . 1Q7C
igned by date
ReprocJucecJ with p erm issio n  o f  th e  copyrigh t ow n er. Further reproctuction prohibitect w ithout p erm issio n .
MWC-33 2 2 2
t t i m  N e. SO] IRev. 7/761 STATE OF MONTANA 




Ml* Well Owner 
Cold'Driller
WEIL LOG REPO AT
S w t  b w  n q u im  that th it f o m  b< f i M  by the ;yfler_Mttt_dtittn wrrAiri 60 Jays aftrr eo m itk lim  o f  the »«!/. and fttrm 602, Notice 
o f  Compleiiim o f  Grouiu/tvatet Development, be p led  by the nvll o wtier tviihiii tO dayt after the weter hat been put to bénéficiai u y
1. WELL OWNER
Nome rr~ ,-ro
2. CURRENT MAILING ADDRESS 
e o m  B , . a n n U  r , t .
H M irn fn . M t.  ftPPOl
3. PROPOSED USE 
_ _ _ _ _  itritotion;
_■ domeita lineiudes town ind garden):, 
. other (ipccily)
.ilotk;. . muntetpal;. indutiriii. ,
4. WELL LOCATION
-Silt-..'A. _% Sretion.





Subdhrition _ _ _  
Citv N ia n B u i n  
Elcvftion ___
County M ia n o u i a
. A eeuney;_  ±10'; _ iS O ': ■ ±100';
5. OBILLINC METHOD „  x coble, bored,
_ _ _ _ _ _  forward rotary, _ _ _ _  lerrorje rotary, _ _  totted.
________ other (jpetify) _________________________________
6. WELL CONSTRUCTION AND COMPLETION
S itear
Orllted
$49# #nd Ff#pgg T#
»mn] M##t)
• f  caiipif
* 4 1 4 ?
p a r  t t .
StmwA_
KWSli*
M< I la  
AftI fe 






.pump. . bailer.WELL TEST DATA- 
(i1 other, ipeeify).
Prrmpin) level below land nrrlace:
S i i i i -  I t  after e hrt pumping ?egO- 
_ _ _ _  I t  after______ b a  pumping _____
.other i
i
9. WAS WELL PIUCCEO OR ABANDONED?. 
II yet, how?
.Yet.
10. DATE STARTED Ani-H ♦ . T977
DATE COMPLETED. u—u t«77 .
11. WELL LOO 
Depth (ft)
f  f
t « I f
f  *
— â O —
JHA
B A - P ?
I f f •lAT
Wat eating left open end? _ _ _  Yet,
Wat a packer or aeal uted?. _ _ _  Yet,
If 10, what material _ _ _ _ _ _ _ _ _
Wot the well gravel packed? _ _ _  Yet,
Wat ore weD grouted? _ _ _ _  Yet,





Materiol uted in grouting. ham shWM Ü db«mwry1
4 f t a
Well hood completion: Pitlea adapter _____
12 in. above grade . other
<il other, tpecify) - n . . . .  ___________________
himp hwiepowtr _ _ _ _ _ .  pump type
Puma intake level feet below land turfaee
Power (electric, dietel, etc.)
12. DRILLER’S CERTIFICATION
Thit well Wes drilled under my juritdietioa and thit report 
it true to the beet e l my knowledge. g / t s / 7 7
7. WATER LEVEL 
Sutk water level.




M flowing, dooed^ prettwre______________
■ gpm flow through ______
Controlled by; ____ valve, _____ reducen.
-feet below land orrface
. pw
(il Other, specify).
, inch pipe 
  other
CtuiiK» Pn  I Bakka
C v rr  I\TLL O f> ILI,inr. t  D tV ' i r / r r /
OUmn»m«
1 5 2 2  5 .  K t h  S t . ,  b t a s e u t n ,  '
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
M W C - 3 4
2 2 3
t»im i#. Ml IHn. S T A T E  0 7  M O N T A N A
Otf artmmt t1 Niunl Rtiouttn *md Camtnriliwi 
WEll 106 REPORT =
^ / /  - ? /
S u i t  b w  n t tv im  thei ihii fo tm  be f i M  by the nmter well driller o/iihm SO deyt efier eemplriioii o f  the wtB, out f ern* SOI. NoHct 
o f  Completion o f  Cntanjw tier Deretopmmt, be f i M  by ihr well owner within SO tleyt tfiee the wotrr hot been put m  benefkia! tew
MAW ICC sr»cer wcll
Whin-Ocpiftimat 
VHIee-OiHrtmeet 
Pink W«ll I 
C(W-D>flff
1 WELL OWNER
Pkme TteC MOtfTAMA POWTP COMPAMY
2. CURRENT MAILING AOORESS
M l. 5^001
3. PROPOSED USE dame*tie (include* Iwvi 
irriaation: other baecifv)
n n d ttfd e f il;  itock: ^ «dntriti:
4. WELL LOCATION r-Vi ' •» i ■■ ' ' -Â, nil-A
_% Stctian .
EoiW
;^xSaU)»iiion M o etto n m  A M i i i o t »  < • C i t y  o f  . .  
P ^C ily  M l*  o m u la  t i n t» » ’ Mt«»OW<«
Elcvaiion . .Actancy; % TO ; __ : _ t 1 00":
S. ORILLING method 
______ lanittS rasiy, _
_____ btm bpacNy)
t. WELL CONSTRUCTION AND COMPLETION
bo* ## Sti*4i*d P*M#f#4b*dW •Miy»r
ewwÉ 0t
iS "  o o  
7 9  i »  
p * r  f t .
INMt) S ew n
»3 t» e Si**
W I N #  
M f m  





•TELL TEST DATA 
61 ntMf. ipKity).
himfin# NmI below lomA w rtet ;
Z b«.oomoino f*00 ipm 
  ftoh tf  bn.oomoino #m
S WAS WELL PLUGGED OR ABANOONEOT, 
H yet, bom?
10. PATE STARTED A u g u * t  I S ,  19 T T  
DATE COMPLETED en,
11. WELL LOG 
DeoUi (Itl
O r - gi ■ ' r#A --------
3 4 3 S o4 3 p O t«v«I i  C 4m r , -
r  ' ■
4 3 7 3 a W at40 ^
Oroivfll # !
mné w ai90
t t o t t ê r i M  3rm m 4 4 4 4 3  #  C l«y
4 1 4 fS1 f fm# 344W 4  mama. # la y  #
m i 136 SonV. 0>»a«*l. W«(on
44A
m r ^ n t  t r n  m m
/
Woi casini left ooen end? 
Woi 0 ooeker o« mal oiedT 
W10, oitiol mateiiai . 
Wm ebe well poael peeked? ' 






Maieiiol ated in froutinf.
wbov* prorfo
Well bead eompletien; PiMen adaoUT 
, 12 in,abeaepmde . other J  ?<♦




Thb wet wm dfSled ondtt my iotadielioo end Ihii itpofi 
knoetoWebeetolmybomaledpe. 3/ 7/7$
Powet (electric, dieael, etc.),.
laet below lead nrlae*
CtM P WCLL M I L L I M C  4 MAfA S W C L Y
1. WATER LEVEL 
Static water level. 40» to»
H floMOi, doaedyn prttaiR.
■ Controlled by;____
61 other, tpecily).
. ipm flow duoo|h.
.feet below land mrlaea 
. Pii




i t l  I aakbo
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
2 2 4
M W C -3 5
I » ,« . H». «M  in w . int i STATE or MONTANA






Stott tow Fttfttifrs thot this form he f iM  hy the %\>oter \teH Hri/trr within 60 thys oftet eompletmn o f  the wett, omf l-orm 602, Notice 
o f  Coitip/etion o f  Cruttnt/weier Ûeotfopmeitr, be/îleJ by ihe uTttjowner within 60 tfeys ttfter lite water hot bcr*i pt/t to henefteiot use.
1. WELL OWNER
Name TWC MOHTflUi POt.TO  .TCAffiA/.'T
2. CURRENT MAILING ADDRESS 
TOfi? ?unee r r
*'r'f=r.,,la M t.  I S f O l . .
3. PROPOSED USE _ _ _ _  dometlic (indudei lawi 
, irrination: other (toeeilv)




Itsr X _% S ce tien . 33




JP: City M liaaM lji
.netk.
Elevation. ;  CWBIV.Accuracy;  *10'; _  *50'; _ t l  00':
5. ORILLING METHOD 
______ loiwird rotary,
othar (tpeeifyl




S. WELL CONSTRUCTION AND COMPLETION
Sir* *r Sit* r»
Uriltw M ieht «•*t> Ifwit) ' . . .
KioW . FP*etw Î*
I B ” I B "  0 . 0 . * 4 f45 Sit*
* 7 . 5  IB Mitlê
p a r  f t . fcmifo T04 T 2 9
3/e n
3 "
■ -  ■
Wat cnifti left open cod? _ _ _  Vet,
Wat a packer or sained? _ _  Yet.
If to. udiat material 
Wat the well pravel packtdl _ _ _  Yet.






Material uted in groutinj.
A ft.Well head compleimn: PiMeg adaotet12 in, above trade . other_____________
(il other, tpecily) »b»v>
Pump hortepower . pomp tvoe
Pomp intake level leet below land turlace
Power (electric, dietel. etc.)______________________________
WATER LEVEL 
Static water level.




. tpm Row through _
.feet below land wrface
. Pti
. ted o ee it.
. inch pipe 
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XWC-34 Aquifer Test
Pumping well MWC-34 pumped continuously for six hours during 
the test at a rate pf 6,750 GPM, while two observation wells were 
monitored (MWC-32 and MV-34). A transducer and computer data 
logging device was used on observation well MWC-32, programmed to 
record drawdown at ten second intervals. The transducer was 
capable of recording drawdowns to the nearest 0.005 feet. 
Observation well MV-34 was instrumented with a Stevens Type F 
recorder geared to record 1.2 feet of drawdown per revolution of 
the drum, with the timer set at completing a sweep of the full 
length of the drum in twelve hours. Wells MWC-34 and MWC-32 were 
turned off eighteen hours before pump testing to allow recovery. 
Since the transducer used in well MWC-32 was not vented to 
atmosphere, the data was corrected for barrometric pressure change 
by utilizing the hourly barrometric readings taken at the National 
Weather Service Station located at the Johnson-Bell Airport in 
Missoula.
MWC-22 Aquifer Test
Pumping well MWC-22 pumped continuously for 7% hours during 
the test at a rate of 1,025 GPM, recovery was then measured for 
two hours. Drawdown in observation well MV-4 was measured using 
a steel tape read to the nearest 0.01 feet, as was drawdown in the 
pumping well MWC-22. Both wells were turned of fifteen hours 
before pump testing to allow recovery.
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MWC-7 Aquifer Test
Pumping well MWC-7 pumped continuously for 11% hours during
the test at a rate of 945 GPM, while observation well HV-31 was
monitored; MWC-7 had been turned off for 8 hours prior to the pump
test to allow recovery. Observation well MV-31 was instrumented
with a Stevens Type F recorder with the same settings as used on
MV-34, as well as a transducer and computer data logging device.
The computer data logging device recorded drawdowns at 2 second
intervals, and the transducer was capable of recording water levels
to the nearest 0.01 feet. The transducer was vented to atmosphere,
so corrections for barrometric pressure change were not necessary.
A background rise in the water table was occurring during the test,
thus reducing the amount of drawdown observed and increasing the
amount of recovery observed. The data was corrected for this
seasonal rise in the water table by utilizing a straight-line
correction of water table rise versus time.
$
KWC-3 Aquifer Test
Pumping well MWC-3 pumped continuously for 7% hours during 
the test at a rate of 375 GPM. A nearby domestic well owned by 
Elwin Hollibaugh was instrumented with a transducer and computer 
data logging device the same as used in MWC-32. Corrections for 
barometric pressure change were also conducted the same as in MWC- 
32. The pumping well was turned off sixteen hours before the test 
to allow recovery, the observation well had been turned off 48 
hours before the test.
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MWC-24 Aquifer Test
Pumping well MWC-24 pumped continuously for 4h hours during 
the test at a rate of 375 GPM. Drawdown in observation well MWC-23 
was recorded using a steel tape read to the nearest 0.01 feet, as 
was drawdown in the pump well MWC-24. Both wells were turned off 
five hours before the test started to allow for recovery.
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MWC-34 Aquifer Test
Drawdo«m data from observation wells MV-34 and MWC-32 were 
analyzed to determine aquifer properties. The spatial relationship 
of the pumping well and observation wells is shown in Figure E.l. 
Well MWC-34 was pumped at a constant rate of 6,750 GPM throughout 
the test.
The drawdown recorded in monitoring well MV-34 while 
conducting the aquifer test on MWC-34 was a unique situation, in 
that observation well MV-34 penetrated only the upper ten feet of 
the aquifer, terminating in a lower permeability zone of the 
aquifer than the pumping well was producing from. As a result, 
the log-log plot of drawdown vs. time/r* for observation well MV- 
34 (where r=distance from pumping well) closely matches the 
drawdown curves for a leaky confined aquifer developed Cooper 
(1963), and presented by Lohman (1979), Plate 3A (Figure E.2). 
These data indicate a transmissivity of 490,000 ft^/day.
The log-log plot of drawdown vs. time for observation well 
MWC-32 is shown in Figure E.3. Boulton's delayed-yield theoretical 
curves (Lohman, 1979, Plate 8) were used to analyze these data, 
resulting in a transmissivity of 400,000 ft^/day. In addition, I 
analyzed the data using the techniques of Stahlman (1965), which 
take into consideration gravity drainage and difference in vertical 
and horizontal hydraulic conductivity. Matching the data with 
Stahlman*s theoretical curves (Lohman, 1979, Plate 7E) results in 
a transmisse i.y of 450,000 ft^/day and a vertical hydraulic 
conductivity of 43 ft/day.
It should be noted that no apparent recharge boundary was
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encountered during the test, as was discussed in Chapter III.
MWC-22 Aquifer Test
The spatial relationship of pumping well MWC-22, observation 
well MV-4 and the Clark Fork River is shown in Figure E.4. Well 
MWC-22 was pumped at a constant rate of 1,025 6PM throughout the 
test. The log-log plot for drawdown vs. time in observation well 
MV-4 is shown on Figure E.5. Using the curve matching techniques 
of Boulton results in a transmissivity value of 800,000 ft*/day. 
Using standard Theis curve matching results in a transmissivity of
960.000 ft^/day.
As in pump test MWC-34, the drawdown data do not indicate the 
presence of a recharge boundary caused by the Clark Fork River.
MWC-7 Aquifar Test
Well MWC-7 was pumped at a constant rate of 945 GPM while 
drawdown was measured in observation well MV-31 at a distance of 
258 feet. A log-log plot of drawdown vs. time recorded by the 
transducer installed in well MV-31 is shown on Figure E.6. Using 
Boulton's delayed yield techniques results in a transmissivity of
750.000 ft^/day.
Drawdown and recovery data were also collected on a Stevens 
type F recorder during the test, and is included in this Appendix. 
The late drawdown and calculated recovery data were analyzed usi 
Boulton's techniques resulting in transmissivity values of 400,< 
ft^/day and 900,000 ft^/day, respectively. The calculated recovery 
data were also analyzed using stahlman's gravity drainage
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techniques (Lohman, 1979, Plate 7E) resulting in a transmissivity 
of 1,000,000 ft^/day and a vertical hydraulic conductivity of 2,700 
ft/day. Based on this analysis, a transmissivity of about 800,000 
ft^/day seems reasonable.
miC-3 Aquifer Test
Well MWC-3 was pumped at a constant rate of 968 GPM while 
drawdown was measured in the Hollibaugh observation well at a 
distance of 52.5 feet. From the log-log plot of drawdown vs. time 
(Figure E.7), an increased rate of drawdown is observed at about 
15 minutes into the test. This could be the result of a nearby 
boundary condition such as a zone of lower hydraulic conductivity 
or a no-flow boundary, or possibly a nearby well turning on and 
increasing drawdown. Using the Theis curve matching technique on 
the early data result in a transmissivity of 900,000 ft^/day, while 
late data indicate a transmissivity of 300,000 ft^/day.
Calculated recovery vs. time data from the pump test were 
plotted as a check (Figure E.8). No apparent boundary conditions 
were observed, as were in the drawdown data. Using Theis curve 
matching resulted in a transmissivity of 800,000 ft^/day. It 
appears that the lower transmissivity estimates from the late 
drawdown data were caused by some external stress, not a boundary 
condition. Indeed, a large capacity municipal well (Kwr- ii) is 
located about 2,000 feet from MWC-3, and may have started pumping 
during the test. Therefore, transmissivities in the range of
800,000 ft^/day seem realistic. Given an aquifer thickness of
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about 45 feet in this area (interpreted from MWC-37 well log) a 
hydraulic conductivity of about 18,000 ft/day results. As pointed 
out later in this study, better calibration of the flow model was 
achieved using the higher hydraulic conductivities in this area.
An explanation for this seemingly anomalous high value of 
hydraulic conductivity could be that well MWC-3 is situated in or 
near a historical channel of the Clark Fork River which would have 
excavated and deposited coarser material than the surrounding 
alluvium due to its localized high energy, resulting in an area of 
high hydraulic conductivity. Clearly, an aquifer test conducted 
at a single location does not confirm the existence of a historic 
river channel, but it does provide evidence that it is at least a 
possibility.
MWC-24 Aquifer Test
Well MWC-24 was pumped at a constant rate of 375 GPM, while 
drawdown was measured in well MWC-23 at a distance of 113.5 feet. 
From the log-log plot of drawdown vs. time (Figure E.9), a 
transmissivity of 160,000 ft^/day is deduced from Theis curve 
matching.
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Figure E.l. Spatial relationships of pumping well MWC-34 to observation wells MWC-32 and MV-34.
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Figure E.2 Drawdown versus time/distance**2 in observation well MV-34. Where; time = time since pumping started (min), distance » distance from observation well to pumping well (ft).





























Figure E.3. Drawdown versus time in observation well MWC-32
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Figure E.4. Spatial relationship of pumping well MWC-22 to observation well MV-4.
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Figure E.5. Drawdown versus time in observation well MV-4








































Figure E.6. Drawdown versus time in observation well MV-31.






























I t J )  U M O p M D J Q
Figure E.7 Drawdown versus time iri the Hollibaugh observation well.
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Figure E.8. Recovery versus time in the Hollibaugh observation well.



























Figure E.9. Drawdown versus time in observation well MWC-23.
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Aquif«r T#mt eummary
The results of the aquifer tests are summarized in Table E.l, 
which lists the transmissivity estimated from each technique used 
to analyze the data. To calculate hydraulic conductivity values, 
I used my best estimates of transmissivities from the aquifer tests 
and divided by my best estimates of aquifer thickness based on well 
logs and measured water levels. I assume that these calculated 
values of hydraulic conductivity are within 20% of true values 
because of my testing techniques as discussed in Chapter II. The 
resulting values of hydraulic conductivity are presented in Table 
E.2. The vertical hydraulic conductivity values were calculated 
for aquifer tests MWC-34 and MWC-7, where the Stallman (1965) curve 
matching technique was used. Specific yield values which were 
derived from the aquifer tests are also included. These hydraulic 
conductivity results were also depicted on Figure 3.10 to show the 
actual locations of the measured hydraulic conductivity values 
within the Missoula aquifer.
As discussed in Chapter III. Attempts to define specific yield 
from the aquifer test data results in values varying considerably 
depending on the curve matching techniques used. For example, 
using Theis curves, or early time data for Boulton's curves 
typically resulted in specific yield values ranging from 0.0001 to 
0.001, which is far too low for an unconfined sand and gravel 
aquifer. Using late time data for Boulton's curves resulted in 
specific yield values ranging from O.Ol to 0.47, which is closer 
to expected values. In summary, it does not appear feasible to use
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the project aquifer test data to determine specific yield due to 
such an extreme range of resulting values and no means of assessing 
accuracy.
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Estimated Range of K* 
Values Based on £20% 
Error (fp/day)
14,400 to 21,600 
7,760 to 11,640 
7,040 to 10,560
1.920 to 2,880














NOTE; Hydraulic Cooductivity ■ K.
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Purop Tesr - MWC-34 (Maurice well) AJbreviated data 
Conducted 10/26/89 by Ross Miller 
Well #34 pumped at 675DGPM
Observation well MWC-32, 
591ft from pumping well
Observation well MV-34, 
347ft from pumping well
Time Drawdown Time Drawdown Time/r**2
(min) (ft) (min) (ft) (min/ft2)
0. 000 0.000 0. 00 0.000 0
0.167 0.189 1.29 0.006 0.000010
0.333 0.275 3.78 0.018 0.000031
0.500 0. 313 5.37 0.032 0.000044
0.667 0. 346 7.57 0.036 0.000062
0.833 0.356 8.62 0.040 0.000071
1.000 0.362 12.63 0.051 0.000104
1.500 0.373 15.13 0.062 0.000125
2 .000 0.356 18.91 0. 074 0.000157
2 . 500 0.373 21.41 0.085 0.000177
3 . 000 0.378 25.19 0.096 0.000209
3.500 0.383 30.26 0.107 0.000251
4 . 000 0.394 34.04 0.118 0.000282
4 . 500 0.394 37.83 0.130 0.000314
5.000 0.394 44 . 10 0. 141 0.000366
5.500 0.399 47.89 0. 152 0.000397
6.000 0.399 54.24 0. 163 0.000450
6.500 0.404 59.23 0.174 0.000491
7.000 0. 409 64 . 30 0. 186 0.000534
7. 500 0.409 70. 58 0. 197 0.000586
8. 000 0.414 81.93 0. 219 0.000680
8.500 0.414 95.85 0.242 0.000796
9.000 0. 414 108.41 0.264 0.000900
9 . 500 0.414 131.10 0. 298 0.001088
10.000 0.414 155.08 0.331 0.001287
15.000 0.423 183.83 0.3 65 0.001526
20.000 0.427 213.11 0.398 0.001769
25.000 0.442 257.21 0.432 0.002136
30.000 0.441 305.10 0.466 0.002533
35.000 0.450 351.77 0.499 0.002921



















R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
253
Pump Test Mwc-22 <Intermountain well)
Conducted 10/10/89 by Ross Miller
Pumped MWC-22 at 1025GPM, Observation well KV-4 301.5ft away 
Measurements in both wells taken with steel tape
Time Drawdown 
Recovery(ft)
(ft) Drawdown (ft) Time Recovery(ft)
;min) MV-4 MWC-22 (min) mv-4 MWC-22
0.00 0. 000 0.00 0.000
0.68 0.060 0.67 0.080
1.27 0.070 1.42 0.110
1.97 0. 070 2.22 0. 110
2.65 0. 080 3.07 0. 110
3.35 0. 080 3.83 0. 120
3.97 0. 080 5.77 0. 300
4.68 0.080 7.97 0.120
6.12 0.090 10.03 0.310
6.78 0.090 12.4 3 0.125
7.75 0.100 14.97 0.315
8.70 0.100 17.55 0,140
9.72 0.100 21. 18 0.315
10.78 0.100 23.83 0.140
12.03 0. 100 32.35 0. 310
14.28 0.105 35.43 0.140
15.45 0.105 69.47 0.310
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Pump Test MWC-7, Montana Power well 6-13-89 
Drawdown in observation well - Stevens Recorder data 
Observation well MV-31, 258 feet away 
MWC-7 pumped at 94SGPM
Time Drawdown Corr. Drawdown
(min) (ft) (ft) corr.(ft
1.000 0. 005 0.00007 0.005
1.875 0.008 0.00014 0. 008
3 .750 0. Oil 0.00027 0 . oil
7.500 0.014 0.00054 0.015
15.000 0.018 0.00108 0. 019
22.500 0. 019 0.00162 0.021
30.000 0.020 0.00216 0.022
52.500 0.024 0.00379 0.028
112.500 0.029 0.00811 0.037
157.500 0.032 0.01136 0.043
195.000 0.035 0.01406 0. 04 9
307.500 0.035 0.02217 0.057
360.000 0.036 0.02596 0.062
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Pump Test MWC-7, Montana Power Well 6-13-89 
transducer readings from observation well MV-31 
correctins are for seasonal water table rise during test
le Time Trans. Head Drawdown Corr. Drawdown
c) (min) reading (ft) (ft) (ft) corr. ( ft
2 0.033 312 3.51 0.00 0.00000 0.000
6 0.100 312 3.51 0.00 0.00001 0. 000
10 0.167 312 3.51 0.00 0.00001 0.000
14 0.233 311 3.50 0. 01 0.00002 0. 010
18 0.300 312 ' 3.51 0.00 0.00002 0. 000
22 0.367 312 3.51 0. 00 0.00003 0. 000
26 0.433 312 3.51 0.00 0.00003 0. 000
30 0.500 312 3.51 0.00 0.00004 0. 000
34 0.567 311 3.50 0.01 0.00004 0.010
38 0.633 311 3.50 0.01 0.00005 0.010
42 0.700 304 3.43 0.08 0.00005 0.080
46 0.767 312 3.51 0.00 0.00006 0.000
50 0.833 312 3.51 0.00 0.00006 0.000
54 0.900 312 3.51 0.00 0.00006 0.000
58 0.967 305 3.44 0.07 0.00007 0. 070
62 1.033 312 3.51 0.00 0.00007 0.000
66 1.100 312 3.51 0.00 0.00008 0.000
70 1.167 312 3.51 0.00 0.00008 0.000
74 1.233 304 3.43 0.08 0.00009 0.080
78 1.300 306 3.45 0.06 0.00009 0.060
82 1.367 312 3.51 0.00 0.00010 0.000
86 1.433 305 3.44 0.07 0. 00010 0.070
90 1.500 312 3.51 0.00 0.00011 0.000
94 1.567 312 3.51 0.00 0.00011 0.000
98 1.633 312 3.51 0.00 0.00012 0. 000
102 1.700 311 3.50 0.01 0.00012 0.010
106 1.767 312 3.51 0.00 0.00013 0.000
110 1.833 312 3.51 0. 00 0.00013 0. 000
114 1.900 311 3.50 0.01 0.00014 0. 010
113 1.967 311 3.50 0.01 0.00014 0.010
122 2.033 311 3.50 0.01 0.00015 0.010
126 2 .100 311 3.50 0. 01 0.00015 0. 010
130 2 . 167 310 3.49 0. 02 0.00016 0.020
134 2.233 311 3.50 0.01 0.00016 0.010
138 2 . 300 310 3.49 0. 02 0.00017 0. 020
142 2.367 310 3 .49 0.02 0.00017 0.020
146 2.433 311 3.50 0.01 0.00018 0.010
150 2.500 310 3.49 0.02 0.00018 0. 020
154 2.567 311 3.50 0.01 0.00019 0.010
158 2.633 311 3.50 0.01 0.00019 0.010
162 2.700 310 3.49 0.02 0.00019 0. 020
166 2.767 311 3.50 0.01 0.00020 0. 010
170 2.833 310 3.49 0.02 0.00020 0.020
174 2 .900 310 3.49 0.02 0.00021 0.020
178 2.967 310 3.49 0.02 0.00021 0.020
188 3.133 310 3.49 0.02 0.00023 0.020
198 3 . 300 310 3.49 0.02 0.00024 0.020
208 3.467 310 3.49 0.02 0.00025 0. 020
218 3.633 310 3.49 0.02 0.00026 0. 020
228 3.800 309 3.48 0.03 0.00027 0. 030
238 3.967 309 3.48 0.03 0.00029 0. 030
248 4.133 310 3.49 0. 02 0.00030 0. 020
258 4 . 300 309 3.48 0. 03 0.00031 0.03 0
268 4.467 310 3.49 0.02 0.00032 0.020
278 4.633 310 3.49 0.02 0.00033 0.020
288 4.800 308 3.47 0,04 0.00035 0.040
298 4.967 310 3.49 0.02 0.00036 0.020
308 5.133 310 3.49 0. 02 0.00037 0. 020
318 5. 300 310 3.49 0.02 0.00038 0.020
328 5.467 310 3 .49 0. 02 0.00039 0.020
338 5. 633 310 3.49 0.02 0.00041 0.020
348 5.800 310 3.49 0.02 0.0004 2 0.020
358 5.967 310 3.49 0.02 0.00043 0.020
390 6.500 310 3.49 0.02 0.00047 0.020
420 7.000 309 3.48 0.03 0.00050 0.031
450 7.500 310 3.49 0.02 0.00054 0.021
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Pump Test - South ,Ave. Abreviated data
Conducted 10/20/89 by Ross Miller
Well 33 pumped at 968GPM, observation well 1
DRAWDOWN RECOVERY
Time Drawdown Time Recovery
(min) ( t t . ) (Bin) (ft)
0.0000 0.0000 0.000 0.000
0.1667 0.0402 0. 170 0.035
0. 3333 0.0502 0. 330 0 . 066
0.5000 0.0552 1.000 0.071
0.6667 0.0602 1.500 0.076
0.8333 0.0651 2. 000 0.081
1.0000 0.0651 2.500 0.087
1.5000 0.0749 3 . 000 0.087
2.0000 0.0798 4.170 0.100
2.5000 0.0846 10.000 0.110
3.0000 0.0844 32.330 0.130
3.5000 0.0893 40.000 0.140
4.0000 0.0891 52.500 0.150
4.5000 0.0939 94.330 0. 160
5.0000 0.0937 162.500 0.160
6.5000 0.0935 266.170 0.160
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Punp Test Pattee Creek wells (mwc-23, mwc-24)
Oct. 6, 1989
Conducted by Ross Miller
Pumped 50hp well, monitored 25hp well with steel tape measurments
Wells spaced 113.5ft apart, SOhp well pumping at 37 5GPM
Both wells allowed to recover for 5 hours prior to start of test
Time(sec) Time(min) 25hp(swl) 25hp(drawdown) 50hp(swl) 50hp(drawdown)
0 61.41 0
54 0.90 61.44 0.03
117 1.95 61.48 0.07
187 3.12 61.48 0.07
251 4.16 61.49 0.08
321 5.35 61.49 0.08
332 6.37 61.5 0.09
453 7.55 61. 5 0.09
533 8.88 61.5 0.09
604 10.07 61.51 0.1
678 11.30 61.52 0. 11
755 12.58 61.51 0.1
895 14.92 61.52 0.11
986 16.43 61.52 0.11
1056 17.60 61.53 0.12
1140 19.00 61.53 0.12
1228 20.47 61.53 0.12
1318 21.97 61.54 0.13
1420 23.67 61.54 0.13
1519 25.32 61.54 0.13
1596 26.60 61.54 0.13
1630 28.00 61.57 0.16
1773 29.55 61.54 0.13
1860 31. 00 61.54 0.13
1980 33.00 64 . 44 0.43
2200 36.67 61.55 0.14
2316 38.60 61.55 0.14
2425 40.42 64.46 0.45
2565 42.75 61.56 0.15
2710 45.17 64.46 0.45
2850 47.50 61.56 0.15
3308 55.13 61.56 0.15
3430 57.17 64 .48 0.47
3560 59.33 61.57 0.16
3745 62.42 61.57 0.16
3918 65.30 64.48 0.47
4038 67. 30 61. 58 0.17
4345 72.42 61. 58 0.17
4460 74.33 64.48 0.47
4595 76.58 61. 58 0.17
4975 82.92 61.58 0.17
5085 84.75 64.5 0.49
5205 86. 75 61.58 0.17
6050 100.83 61.59 0.18
6190 103.17 64.5 0.49
6355 105.92 61.59 0.18
6724 112.07 61.59 0.18
6870 114.50 64.51 0.5
7040 117.33 61.59 0.18
7225 120.42 64 .51 0.5
7475 124.58 61.59 0.18
7615 126.92 64.51 0.5
7885 131.42 61.59 0.18
8989 149.82 61.6 0.19
9139 152.32 64.53 0. 52
9550 159.17 61.605 0.195
9650 160.83 61.605 0.195 0.519810 163.50 64 . 52
9950 165.83 61.605 0.195
10850 180.83 61.605 0.195 0.5210990 183.17 64.53
11780 196.33 61.615 0.205 0.5311930 198.83 64.54
12110 201.83 61.615 0.205
12999 216.65 61.615 0.205 0.5313140 219.00 64. 54
14922 248.70 61.62 0.21 0.53515060 251.00 . 64.545
15205 253.42 61.62 0.21
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APPENDIX F: MODEL INPUT FILES
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Steady State Model Input Files
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